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Chapter  I 

History  of  the  Study  of  Tularemia  in  the  USSR 

Tularemia  was  recognized  for  the  first  time  on  the  territory 
of  the  USSR  in  1926  by  the  physicians  of  the  Astrakhan'  Plague  Station 
S.  V.  Suvorov,  A.  A.  Vol'ferts  and  M.  M.  Voronkova  (1928).  There-j 
fore,  in  chronological  order  the  Soviet  Union  was  third  among  the 
countries  in  which  tularemia  was  known  at  that  time  (United  States  and 
Japan  —  see  Chapter  II). 
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A.  A.  Vol'ferts 


About  200  patients  were  detected  by  the  authors  mentioned 
above  in  several  inhabited  places  of  the  Yolga  Delta  (44-50  kilometers 
or  more  to  the  southeast  of  Astrakhan'),  The  form  of  the  disease  wad 
I  bubonic,  whereby  the  inguinal  and  femoral  buboes  were  noted  in  threej- 
|  fourths  of  those  who  became  sick;  in  the  others,  cervical  and  axillary 
J  buboes  were  noted.  The  majority  of  patients  were  adolescent  boys  i 
j  who  destroyed  water  rats  which  had  saved  themselves  from  a  flood  and 
.which  had  mn.inte.ths,iphabltfliipUcsa.  Cultures  Af  . the,  pathogen  ..wop 
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isolated  which,  were  agglutinated  by  convalescent  serum  (in  a  dilution 
of  1:800)  from  the  buboes  of  three  patients  by  passages  through  guinea 
pigs  and  subsequent  culture  on  Bayle's  medium  (containing  cystine, 
glucose  and  aerum).  Therefore,  statements  encountered  in  the  litera¬ 
ture  to  the  effect  that  the  tularemia  pathogen  was  isolated  for  the  first 
time  in  the  USSR  in  1928  by  G.  I.  Zarkhi  (N.  I.  Khodukin,  1951,  and 
others)  are  erroneous.  During  laboratory  work  with  the  isolation  of 
the  pathogen  four  workers  became  sick.and  their  sera  also  agglutinate  i 
the  culture  obtained. 

Since  they  did  not  have  at  their  disposal  the  standard  tular-  . 
emia  agglutinating  antiserum  and  the  standard  strain  of  tularemia  mi¬ 
crobe  S.  V.  Suvorov  and  coauthors  called  the  disease  which  they  stud¬ 
ied  a  "plague -like  lymphadenitis",  but  pointed  out  that  there  was  a 
great  similarity  to  a  disease  which  had  been  described  in  North  Amer¬ 
ica,  tularemia. 

Subsequent  authors  had  different  opinions  as  to  possible  cont¬ 
entions  of  occurrence  of  the  disease  and  the  routes  of  transmission  of 
the  infection  in  this  outbreak.  C.  Ya.  Sinay,  L.  M.  Khatenever  and 

L.  A.  Levchenko  (1936)  considered  it  occupational.  Ye.  I  Novikova 
(1946)  classified  this  outbreak  as  arthropod-borne  with  transmission 
of  the  infection  by  blood-sucking  Diptera.  N.  1,  Khodukin  (1951)  also 
considered  this  outbreak  arthropod-borne,  but  the  infection,  in  his 
opinion,  occurred  through  the  bites  of  rat  fleas.  The  opinion  of  Ye.  1. 
Novikova  should  be  considered  most  correct,  but  the  possibility  has 
not  been  ruled  out  that  some  of  the  adolescents  in  destroying  the  rats 
could  have  become  infected  from  direct  contact  (bare  legs  and  arms) 
with  the  sick  rodents.  However,  this  was  not  an  occupational  matter, 
because  the  preparation  of  pelts  was  not  carried  on  in  the  Yolga  delta  i 
in  1926.  The  predominance  of  inguinal-femoral  buboes  among  tho  pa¬ 
tients  clearly  indicates  the  non-occupational  nature  of  the  outbreak. 
Fleas  should  be  ruled  out  as  vectors,  because  they  transmit  tularemia 
through  a  bite  with  difficulty. 

It  would  be  incorrect  to  consider  that  prior  to  1926  there 
was  no  tularemia  in  the  country.  Various  authors  have  repeatedly  * 
pointed  to  descriptions  of  cases  of  disease  among  people  existing  in  i 
the  medical  literature  on  pre-revolutionary  Russia  which  in  retrospect 
could  be  considered  tularemia.  Without  dealing  with  alt  the  examples^ 
we  should  like  to  dwell  only  on  the  most  important  ones.  j 

In  1877,  near  Astrakhan*  an  outbreak  of  disease  was  ob¬ 
served  accompanied  by  lymphadenitis;  about  200  persons  became 
sick.  It  was  studied  by  the  local  physicians  Deppner,  Medovshchikov 
and  Ttvingman  and  in  accordance  with  their  reports  was  described  by 

M.  1.  Galanin  (1897)  and  others  as  a  mild  form  of  plague  (pestis  ambu- 
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Ians).  Judging  by  the  clinical  manifestations  and  the  benignity  of  the 
course  as  well  as  the  seasonality  and  place  of  occurrence  these  diseas¬ 
es  should  undoubtedly  be  considered  tularemia  (S.  V.  Suvorov  and  co¬ 
authors#  1928;  C.  I.  Zarkhi#  1929;  G.  Ya.  Sinay  and  coauthors*  1934 ; 
K.  V.  Bunin#  1953#  and  others)#  whereby  the  most  probable  route  of 
transmission  was  arthropod#  that  is  (through  blood-sucking  Diptera 
(Ye.  I.  Novikova#  1946).  A  great  similarity  to  tularemia  is  found  in 
various  cases  of  disease  observed  in  1879  in  St.  Petersburg  and  in  its 
envirous  and  described  in  detail  in  M.  I.  Galanin's  work  (1897).  The 
cases  had  a  benign  course  and  were  also  accompanied  by  external 
lymphadenitis.  One  of  these  cases#  specifically  a  case  in  the  courtier 
Naum  Prokofyev  was  considered  by  S.  P.  Botkin  to  be  suspicious  of 
plague#  which  caused  a  controversy  at  that  time.  In  retrospect  this 
case  has  been  considered  tularemia  by  many  authors  (D.  D.  Pletnev# 
1932;  A.  F.  Bilibin,  1943,  and  others).  In  1884#  in  the  garrison  of 
Merv  (now  the  city  of  Mary)  cases  of  the  disease  were  observed  which 
were  studied  and  described  in  detail  by  the  military  physician  N.  Vos- 
kresenskiy  (1886),  which,  in  N.  I.  Khodukin's  opinion  (1951)  could  be 
considered  tularemia.  However,  this  question  remains  open,  because 
to  date  no  natural  foci  of  tularemia  have  been  found  in  tire  environs  of 
Mary,  but  they  are  known  in  the  region  of  Tashaus  in  the  same  Turk- 
menSSR.  V.  A.  Anishchenko  (1922)  in  July  1921  observed  a  large  epl  • 
demic  among  the  inhabitants  of  coastal  settlements  of  the  Ob  River 
near  the  mouth  of  the  Irtysh,  which,  judging  by  the  clinical  character* 
istics  of  the  cases  described,  was  tularemia  (G.  I.  Zarkhi,  1929;  A. 

A.  Miller  and  B.  N.  Stradomskiy,  1935,  and  others).  The  infection 
of  people,  apparently,  occurred  by  the  arthropod  route  (A.  A.  Maksine- 
ov,  1948).  There  are  statements  to  the  effect  that  in  Armenia  in  1921  - 
1924  disease  was  observed  similar  to  tularemia  (V.  N.  Zil'fyan,  1958 
j  M.  D,  Dederer  (1929),  in  July-August  1925,  detected  an  epidemic  of 
I  lymphadenitis  in  some  of  the  villages  of  what  was  formerly  Ostrogo- 
!  shskiy  Uyesd  of  Voroneshskaya  Oblast;  thereby,  the  description  loavi  s 
no  doubt  as  to  the  tularemic  (arthropod-borne)  nature  of  .his  epidemic 
(A.  A.  Maksimov,  1948).  In  what  was  formerly  Borisoglebekiy  Uyes< 

;  of  the  same  oblast  in  1921  and  1922  a  similar  outbreak  occurred;  its 
i  nature  was  established  in  retrospect  by  V.  8.  Sil'chonko  (1952).  I 
I  Thera  is  firm  basis  for  the  belief  that  during  the  First  Warty 

I  War  tularemia  occurred  in  part  of  the  cases  under  the  diagnosis  of  | 
j  Yolhynia  or  trench  fever  (L.  V.  Gromashevskiy,  1947;  A,  L  Volkov, 
1948;  A.  A,  Maksimov,  1948,  and  others).  Ws  believe  also  that  in  | 
West  Siberia  the  summer  cases  of  tularemia  of  arthropod  origin  accom¬ 
panied  by  the  formation  of  ulcers  and  lymphadenitis  on  the  body  could  I 
J*X9  PtCtMx  J3M Jfef jUftSSAf ilL (0 


Maksimov  adheres  to  the  same  opinion  (1959)* 

Many  travellers  who  visited  this  country  in  the  lttth  and  19tlj| 
centuries  (I*  Fal'k,  A.  F.  Middendorf  and  others)  have  written  about 
the  mass  spread  of  "Siberian  ulcer"  /anthrax7  in  many  regions  of  the 
West  Siberian  Plain  and  the  connection  of  this  disease  with  transmis¬ 
sion  by  blood-sucking  Oiptera.  The  fact  deserves  attention  that  the  lo-j 
cal  population  considered  water  rats  and  hares  "unholy"  animals  and 
did  not  hunt  them.  The  name  "Siberian  ulcer"  indicates  the  typical  na 
ture  of  the  ulcerative  process  in  this  disease,  which  *lth  the  cutane¬ 
ous  route  of  infection  is  equally  characteristic  of  anthrax  and  tularemik. 
It  is  well  known  that  in  West  Siberia  cases  of  arthropod-borne  tularemj 
ia  are  encountered  much  more  often  than  those  of  arthropod-borne 
(that  is,  transmitted  by  vectors)  anthrax,  whereby  arthropod-borne 
tularemia  outbreaks  are  very  characteristic  specifically  of  the  exten-| 
sive  boggy  plains  of  West  Siberia  which  abound  in  blood- sucking  Dipteia. 

In  the  study  of  the  old  medical  literature  a  certain  degree  of 
caution  should  be  shown  in  evaluating  various  cases  of  disease  accora-j 
panied  by  the  formation  of  buboes  as  tularemic.  Inflammation  of  the 
lymph  nodes  in  combination  with  the  benign  course  of  the  disease  and 
the  absence  of  contagiousness  can  be  observed  in  a  number  of  infections 
diseases,  including  listerellosis,  tuberculosis,  etc.,  without  mention 
ing  the  ordinary  lymphadenitides.  Along  this  line  we  should  have  a  crit¬ 
ical  attitude,  for  example,  towurd  army  physician  Chernobayev's  diag 
nosing  as  tularemia  cases  observed  in  1825  in  Volynskaya  Guberniya. 

In  considering  these  cases  tularemia,  M.  P.  Pokrovskaya  (1940)  writjs 
that  "120  persons  became  sick"  and  "in  all  the  patients  there  was  a  fey- 
er  and  the  glands  were  swollen".  Mention  of  the  120  cases  with  lym¬ 
phadenitides  is  based  oe  a  misunderstanding.  In  Chernobayev's  articlj* 
(1836),  in  a  footnote  on  page  1^0  from  where  this  information  comes, 

|  a  total  of  six  soldiers  with  inguinal  buboes  terminating  in  suppuration 
j  was  noted.  The  cases  occurred  in  the  spring.  The  appearance  of  bn-; 
boes  was  noted  only  in  part  of  the  soldiers  and  only  after  they  were 
I  hospitalised,  whereby  the  author  associates  the  occurrence  of  the  bu- 
i  boes  with  the  unsanitary  conditions  in  the  pot-house,  where  the  patients 
were  placed  because  of  a  lack  of  space  in  the  infirmary.  The  author 
does  not  report  any  other  clinical  signs  on  the  basis  of  which  one  can  j 
Judge  the  nature  of  these  cases.  j 

We  believe  alto  that  the  disease  in  the  well-known  soologlst? 

'  B.  S,  Vinogradov  which  in  1921  followed  the  bite  of  a  water  rat  on  the 
!  dorsal  surfacs  of  ths  hand  was  cons i  is  red  retrospectively  tularemia 
i  without  adequate  basis  by  various  authors  (G.  Ya.  Sinay  and  coauthord, 

1 1938;  N.  I.  Khodukin,  1931,  and  others).  Usually  after  the  bite  of  anj 
Ijuttoal  s i*k  jttt&JPitaf (Qfaj&ftjfte MUye^bOBjfiLtoxm.oC.  tularfimla  . 
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i  develops.  Ia  a  quite  detailed  description  made  by  Vinogradov  himseli 
(1922)  we  do  not  find  either  general  signs  of  the  disease  or  indications 
of  an  enlargement  of  the  regional  lymph  nodes.  The  author  reports  a 
tumor  in  the  area  of  the  bite  which  showed  itself  shortly  after  and  re¬ 
mained  about  two  weeks  and  then  pain  on  flexion  of  the  fingers,  but  thi  t 
resembles  more  the  clinical  picture  of  ery*ipeloid,with  which  water 
rats  are  very  often  infected. 

In  1927-1928  Pushnogostorg  /State  Fur-Trade  Administra¬ 
tion/  in  various  parts  of  the  country  began  large-scale  procurement  o 
water  rat  pelts,  which  involved  a  vapid  development  of  the  industry  j 
based  on  this  animal.  For  example,  about  4, 500, 000  rat  pelts  were  I 
obtained  in  two  years  in  Ural'skaya  Oblast  alone  (G.  I.  Zarkhi,  1929). 
Id  places  where  there  was  an  active  water  rat  industry  mass  cases  of 
I  diseases  among  people  occurred,and  this  immediately  attracted  the  at'  ■ 
tention  of  physicians. 


j  D.  A.  Golov 

♦ 

|  hi  1927  cases  of  this  kind  among  people  (75  cases)  were  ob- 

I  served  by  V.  P.  Ponomarev  and  O.  A.  Shain  in  Mirimovskiye  Yu  Tty 
j  of  Tobol'skiy  Okrug  (on  the  shore  of  the  Irtysh),  whereby  the  authors, 
JndependenUx  of  S,  V.  Suro ro  v  and  hle_cp rjgoyky 
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of  the  disease  to  tularemia  (G.  1.  Zarkhi,  192?).  According  to  I.  N. 
Shukov  (1928)  and  G.  A.  Shuster  (1V30), in  the  same  year  cases  assocU 
ated  with  the  water  rat  industry  were  also  observed  on  the  Irtysh  Rivcy 
in  the  north  of  Omsk&ya  Oblast  and  on  the  Tavda  River. 

In  1928, a  considerable  incidence  of  tularemia  was  observed 
among  persons  engaged  in  the  water  rat  industry  at  the  beginning  of  th 
summer  in  what  were  formerly  Orcnburgskaya  and  Ural'skaya  guber-i 
niyas  on  the  Ural  River,  about  100  cases  (D.  A.  Golov,  A.  N.  Knyaz- 
evskiy,  V.  A.  Bernikov  and  V.  Ye.  Tiflov,  192.8)*  in  what  were  for¬ 
merly  Kasimovskiy  and  Spasskiy  uyezd3  in  Ryazanskaya  Gubemiya  onj 
the  Oka  River  --  more  than  800  cases  (A.  A.  Vol'fcrts,  1928;  I,  P. 
Gauzner  and  A.  Y.  Belitser,  1928;  L.  M.  Khatenever,  1930); 
and  in  Tobol'skiy  Okrug  on  the  Ob  River  and  its  tributaries  --  xnore  than 
100  cases  (G.  I.  Zarkhi,  1929).  Cases  of  tularemia  were  also  found 
in  1928  on  the  Lena  in  the  environs  of  Yakutsk  (S.  B.  Dubro vinskiy, 
1930).  Judging  by  the  time  of  their  occurrence  (from  the  middle  of 
June  to  the  beginning  of  September)  and  by  the  absence  of  any  state¬ 
ments  of  the  existence  of  a  water  rat  industry,  these  cases  apparently*, 
should  be  considered  of  the  arthropod-borne  type. 

In  1928,  while  studying  the  outbreak  of  disease  so  ti  e  Ural 
River  mentioned  above,  D.  A.  Golov  and  coauthors  isolated  cultures 
of  the  tularemia  microbe  from  water  rats  by  passaging  threugh  guinea! 
pigs  and  white  mice  (with  subsequent  subculture  on  coagulated  egg  yolk 
medium).  Thereby,  for  the  first  time,  the  significance  of  water  rats 
as  sources  of  tularemia  infection  wai  proved  accurvUly. 

G.  I.  Zarkhi  (1929),  investigating  people  sick  with  tularcmija 
in  1928  in  what  was  formerly  Tobol'skiy  Okrug  (tho  village  of  Muzhi  ! 
in  Obdorskiy  Rayon)  isolated  a  culture  of  the  pathogen  which  wss  ag¬ 
glutinated  by  convalescent  serum  from  the  pus  of  a  bubo  of  one  patient 
by  passage  through  a  guinea  pig.  Judging  by  the  description,  the  oc¬ 
currence  of  disoaso  was  associated  not  only  with  the  water  rat  industry 
but  also  in  some  cases  with  the  transmission  by  blood-sucking  insecul. 
During  tho  course  of  experimental  work  with  the  culture  isolated  j 
Zarkhi, in  1928, became  infected  and  became  sick  with  tularemia.  With! 
the  aim  of  obtaining  confirmation  of  the  diagnosis  ho  sent ! ‘a  own  ser¬ 
um  to  McCoy  in  Washington  and,  according  to  the  latter's  conclusion,  j 
it  agglutinated  American  strains  of  the  tularemia  microbe  up  to  a  titor 
of  i:640.  McCoy  also  isolated  a  strain  of  tularemia  bacteria  from  a 
guinea  pig  which  had  been  inoculated  with  splenic  tissue  (from  a  guinep 
‘  pig)  obtained  at  the  same  time  from  Zarkhi  (Simpson,  1929).  In  ex*  ! 

;  change  Zarkhi  received  a  strain  (No  38)  of  American  origin  from  Me-; 

:  Coy  end,  thereby,  was  able  to  identify  his  ©wr.  strain,  isolated  from  a 
patient  iu  Obdorskiy  Ra/ou  (C.  1.  Zarkhi,  J930)  with  it.  As  a  result, j 
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Zarkhi  determined  once  and  for  all  that  tularemia  in  the  United  States 
and  "tularemia -like",  "plague-like"  or  "influenza -like"  diseases  in  tbs 
USSR  are  the  same.  In  1929,  continuing  the  study  of  tularemia  in 
Tobol'skiy  Okrug,  Zarkhi  isolated  cultures  of  the  pathogen  of  this  dis¬ 
ease  from  water  rats  and  the  common  hamster.  Then  the  author,  for 
the  first  time,  studied  and  suggested  the  thermoprecipitation  reaction 
for  the  diagnosis  of  tularemia  in  rodents. 

Li  1929  and  1930  cases  of  tularemia  in  people  engaged  in  the 
water  rat  industry  were  noted  in  Kargatskiy  Rayon  of  Novosibirskaya 
Oblast,  whereby  in  some  patients  the  ocular  form  was  present  which 
had  a  course  similar  to  Parinaud's  conjunctivitis.  The  tularemic  etiol¬ 
ogy  of  these  cases  was  first  shown  in  the  USSR  by  I*.  D.  Mitskevich 

•  (1931).  Outbreaks  of  tularemia  associated  with  the  water  rat  industry 
were  then  observed  in  1930  on  the  Belaya  River  in  Bashkirskaya  ASSR 
(L.  M.  Khatcnever,  1934)  and  in  other  places  of  the  USSR,  and  were 
given  the  name  of  "occupational"  (G.  Ya.  Sinay,  1934). 

In  the  spring  of  1930,  at  a  canning  plant  in  the  city  of  Kurgan 
(West  Siberia)  cases  of  tularemia  were  noted  among  workers  which 
were  associated  with  the  dressing  of  frozen  hare  carcasses  (probably, 
white  hares).  Cases  of  the  same  origin  recurred  at  the  plant  in  the 
spring  of  1931  and  at  the  beginning  of  1932  (I.  F.  Berezin,  1931;  1934! . 
They  were  detected  also  among  the  dining  room  personnel,  where  the 
salted  hare  carcasses  had  been  brought.  Therefore,  Berezin,  for  the 
first  time  in  the  USSR,  established  a  new  source  of  tularemia  infec- 
i  tioa  --  hares  --  known  prior  to  that  time  only  in  the  United  States  and 
I  Japan. 

j  In  the  summer  of  1930  an  outbroak  of  tularemia  was  demon < 

:  strated  in  Ushtobinskiy  Rayon  of  Taldy-Kurganskaya  Oblast  (Southeast 
I  Kazakhstan)  by  P ,  P.  Pcpv  and  G.  Ya.  Sinay,  but  in  contrast  to  the 
1  epidemic  outbreaks  previously  studied  by  Soviet  investigators  it  was 
j  entirely  associated  with  transmission  of  the  infection  by  blood- sue  kin; 

I  Diptera.  G.  Ya.  Sinay  (1934)  proposed  the  name  "spontaneous"  for 
!  outbreaks  of  this  kind,  but  afterwards  this  term  was  replaced  by  "ar- 
I  thropod-borne"  as  boing  more  in  accordance  with  the  essence  of  the 

•  matter  (N,  G.  Oleuf'yev,  1939)*  An  outbreak  of  tularemia  of  similar 

j  origin  was  observed  in  the  same  year,  1930,  by  V,  I.  Kamanin  in  1 
,  what  was  formerly  Barabinskiy  Okrug  of  Novosibirskaya  Oblast  and  ! 

1  was  studied  by  A.  Ya.  Krol*  (L.  Rabin,  1931;  A.  Ya.  Krol',  1933).  J 
■  During  the  course  of  experimental  work  with  cultures  isolated  from  | 

•  sick  people,  A.  Ya.  Krol*  became  infected  with  tularemia  and  died  i*dm 
a  superimposed  specific  pneumonia  £Ye.  P.  Pakhotina-Krol',  1933).  j 

j  Foreseeing  =v  possible  fatal  outcome  of  hie  disease,  A.  Ya.  Krol*  left! 
his  body  for  autopsy  and  study,  believing  that  ttiis  would  be  the  first  j 


case  of  investigation  of  pathological  changes  in  with  tularemia  in 
the  USSR.  All  this  is  evidence  of  the  high  sense  oj.  duty  and  courage  of 
Aleksandr  Yakovlevich  Krol',  whose  name  should  occupy  a  worthy  pla^e 
in  the  history  of  the  study  of  tularemia  in  the  USSR.. 

It  should  be  pointed  out  that  prior  to  the  introduction  of  inoc 
ulations  with  living  vaccine  into  practice  practicably  all  persons  work-] 
ing  in  the  laboratory  with  the  pathogen,  particularly  in  the  autopsy 
room  or  in  the  vivarium  with  experimental  animals,  sooner  or  later 
became  infected  with  tularemia,  despite  the  careful  use  of  precaution 
ary  measures,  including  work  in  a  full  plague  suit.  The  infection  usual¬ 
ly  occurred  by  aspiration  (G.  Ya.  Sinay,  1940),  which  \va3  indicated  bv 
the  characteristics  of  the  clinical  course  of  the  disease  in  cases  de¬ 
scribed  in  detail  in  the  literature  (D.  A.  Golov  and  coauthors,  1928; 

G.  I.  Zarkhi,  1929*  and  others)  as  well  as  in  many  others  of  which  w<j 
know  personally. 

The  initial  period  of  study  of  tularemia  described,  which  en¬ 
compassed  the  period  of  time  from  1926  through  1930,  is  characterized 
by  the  accumulation  of  the  original  information  about  the  distribution  j 
of  this  disease  on  the  territory  of  the  USSR  as  well  as  about  its  etiolo]gy, 
epidemiology  and  clinical  aspects.  At  that  time,  the  considerable 
spread  of  cases  of  the  occupational  type  among  certain  population 
groups  depended  not  only  on  the  mass  nature  of  the  water  rat  industry' 
but  apparently  also  on  its  newness,  as  the  result  of  which  a  largo  num¬ 
ber  of  non-immune  groups,  particularly  among  adolescents,  were  in-j 
j  volvod  in  the  industry.  Undoubtedly  also  in  1926-1930  a  considerable  j 
J  increase  in  the  wator  rat  census  was  observed  in  many  places  of  the  j 
|  USSR  accompanied  by  the  development  of  acute  tularemia  epizootics  ; 

;  among  their  population.  This  is  indicated  not  only  by  the  numerous  : 

;  cases  during  work  in  tho  water  rat  industry  but  also  tho  occurrence  j 
j  of  a  number  of  arthropod-borne  outbreaks.  j 

j  The  period  under  analysis  coincided  with  the  general  active' 

•  development  of  medical  science  In  the  young  Soviet  Republic,  with  the! 

|  creation  of  a  system  of  scientific  research  institutes  of  microbiologicj- 
»  al  category,  etc. ,  and  this  contributed  to  making  the  correct  diagnosis 
of  tularemia,  which  had  previously  gone  unrecognized.  It  is  quite  natt- 

•  urai  that  both  in  the  initial  and  subsequent  periods  Soviet  investigator^ 

J  gave  considerable  attention  to  achievements  in  the  study  of  tularemia 

i  by  foreign  authors  and  chiefly  the  data  of  the  United  States.  However, 
quite  quickly  in  the  USSR  original  trends  were  outlined  in  investigations 
!  on  tularemia,  first  in  the  epidemiology  and  epizootology  of  this  dis-  j 
,  ease  and  later  in  the  clinical  aspects,  laboratory  diagnosis,  in.munof- 

•  ogy,  and  others.  \ 

'  Even  during  the  initial  period  of  study  of  tularemia  Soviet  i 


authors  gave  special  attention  to  the  development  of  laboratory  method's 
of  diagnosis  of  tularemia.  Along  with  isolation  of  pure  cultures  of  the 
pathogen  from  people  sick  with  the  disease*  which,  considering  it3 
biological  characteristics,  wa3  far  from  being  a  simple  task  technical  y 
at  that  time,  the  agglutination  test  was  used  extensively, and  its  high  de¬ 
gree  of  specificity  was  confirmed  (A.  A.  VoPferts,  D.  A.  GoIoy,  G. 

I.  Zarkhi,  L.  M.  Khatenever,  G.  Ya.  Sinay,  and  others).  However, 
a  de  fect  in  this  reaction,  which  consisted  of  late  detection  of  agglutin¬ 
ins  in  patients,  even  at  that  time  stimulated  Soviet  investigators  to  a  i 
search  for  a  faster  method  of  diagnosis.  In  world  practice  there  was  | 
no  such  method.  In  1931, V.  A.  Bychkov  and  L.  G.  Rappoport,  on  the 
basis  of  borough  experimental  studies,  suggested  the  allergic  skin 
test  for  this  purpose  using  a  preparation  which  they  had  developed  and 
•  which  they  called  "tularin".  V.  N.  Fedorov  and  Kh.  Gol’dshtern 
}  (1934)  as  well  ao  L.  M.  Khatenever,  A.  A.  Vol'ferts,  Ye.  I.  Novikov;, 
and  Ye.  D.  Polumordvinova  (1935)  then  showed  the  high  diagnostic  val¬ 
ue  of  tills  reaction  in  sick  people,  including  its  value  for  the  early  di¬ 
agnosis  of  the  disease  (from  the  fourth  to  the  fifth  day),  associated  wit;h 
great  simplicity  of  application.  In  Soviet  public  health  practice  the 
tularin  test  in  combination  with  the  agglutination  test  has  become  quits 
widespread  not  only  for  diagnosis  of  the  disease  but  also  for  the  retro  ¬ 
spective  detection  of  cases  of  tularemia  and  subsequently  for  the  de¬ 
termination  of  immunity  in  those  inoculated  (see  Chapters  VJH  and  X). 
Methods  were  worked  out  for  isolating  the  tularemia  pathogen  from  ro¬ 
dent  organs  and  other  objects  investigated  as  well  as  methods  of  obtain¬ 
ing  pure  cultures,  identifying  them  and  keeping  them  in  a  museum.  ! 


The  period  from  1931  through  1941  should  be  considered  the 
second  period  in  the  study  of  tularemia.  During  this  period,  along 
with  organization  of  the  first  specialized  laboratories  for  the  study  of 
this  infection  and  control  of  it  in  the  country,  general  physicians  begap 
!  to  become  a  cquainted  with  this  disease  (prior  to  this  only  a  limited 
!  group  of  specialists  In  scientific  research  institutions  knew  about  tu¬ 
laremia)  as  the  result  of  publication  of  a  number  of  articles  on  tularem 
ia  in  general  medical  journals,  The  development  of  the  main  methods 
of  laboratory  diagnosis  of  tularemia  were  completed  (sec  above),  and  \ 
the  incorporation  of  them  into  practice  was  begun.  All  this  afforded  j 
the  possibility  of  continuing  the  detection  of  the  distribution  of  tular-  1 
emia  cn  the  territory  of  the  country  as  well  as  beginning  the  planned 
and  detailed  study  of  the  clinical  aspects  of  this  disease,  its  epidemi- 
i  ology,  microbiology,  pathogenesis,  epizootology  and  prophylaxis . 
i  The  first  laboratory  for  the  study  of  tularemia  was  created 

!  at  the  end  of  1929  at  the  Institute  of  Microbiology  of  the  Narkmozdrav 
|  RSFSR.  In  1931  it  was  given  over  to  the  Scientific  Testing  Institute 
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imeni  L.  A.  Tarasevich,  and  in  1937  it  was  included  in  the  All-Union 
Institute  of  Experimental  Medicine  (VIEM)  imeni  A,  M.  Gor'kiy.  In 
1945*  the  tularemia  laboratory  was  ^iven  over  to  the  Institute  of  Epidem¬ 
iology  and  Microbiology  imeni  Academician  N.  F.  Gamaleya  of  the 
Academy  of  Medical  Sciences  USSR  {for  purposes  of  economy  of  space 
in  the  subsequent  presentation  this  Institute  will  be  called  IEM  im. 
Gamaleya),  a  part  of  which  it  remains  to  date.  From  the  time  of  it3 
organization  the  tularemia  laboratory  was  headed  by  L.  M.  Khateneve  r, 
who  directed  it  until  his  death  (1948).  The  co-workers  of  L.  M.  Khat- 
enever  were  first  G.  Ya.  Sinay,  L.  A.  Levchenko  and  I.  F.  Pashkev-  • 
ich,  and  subsequently  B.  V.  Voskresenskiy,  Ye.  M.  Tsvetkova,  O.  S, 
Yemel'yanova,  M.  Y.  Afanas'yev,  Ye.  N.  Tolstukhina,  P.  N.  Burgas  - 
ov,  I.  N.  Mayskiy,  and  others. 

This  laboratory  and  L.  M.  Khatenever  himself  played  a 
great  part  in  the  study  of  tularemia  in  the  USSR.  Under  his  supervis¬ 
ion  investigations  were  made  on  epidemiology,  microbiology,  immun¬ 
ology,  therapy  and  prophylaxis  of  tularemia,  and  diagnostic  and  thera¬ 
peutic  bacterials  were  also  studied  and  prepared  (tularin,  diagnosti¬ 
cum,  therapeutic  vaccine,  etc.).  L.  M.  Khatenever  gave  great  atten¬ 
tion  to  the  popularization  of  knowledge  about  tularemia:  the  main  text  ¬ 
books  on  this  infectious  disease  were  written  —  xith  his  participa  ¬ 
tion  (G.  Ya.  Sinay,  L.  M.  Khatenever  and  L.  A.  juevchenko,  1936)  or 
by  himself  (L.  M.  Khatenever,  1942),  or  else  were  published  under  h:s 
editorship  (L.  M.  Khatenever,  1943), 

i  In  1934  the  tularemia  department  was  organized  at  the  "Mik- 

j  rob"  Institute  at  Saratov.  The  various  workers  of  this  Institute  (D.  A. 
[Golov,  V.  A.  Berdnikov,  Ye.  V.  Tiflov,  V.  N.  Fedorov,  A.  A.  Vol'- 
jferts,  A.  A,  Flegontova,  and  others)  made  studies  on  tularemia  even 
[before  the  organization  of  the  department,  beginning  with  1928,  A. A 
j  Vol'ferts  was  at  the  head  of  the  department;  her  co-workers  were 
|  N.  A.  Popov,  N.  K,  Vereninova,  L,  K.  Denisenko,  and  ethers, 

|  The  department  studied  problems  of  microbiology,  immun- 

|  ology,  epidemiology,  epizootology,  parasitology,  diagnosis  and  sero- 
j  therapy  of  tularemia  and  also  produced  diagnostic  tularemia  prepara¬ 
tions.  A,  A.  Vol'ferts  suggested  the  percutaneous  method  of  applica-i 
tion  of  tularemia  (1934),  She  published  the  first  reviews  of  the  litera4 
ture  on  tularemia  (1927,  1935).  A,  A.  Vol'ferts  almost  simultaneously 
with  G.  P.  Rudnev  (see  below)  suggested  a  more  complete  clinical 
;  classification  of  tularemia  than  Francis  did  (United  States)  with  the  inr 
|  elusion  of  the  pneumonic  form  (A.  A,  Vol'ferts,  1935). 

|  A  number  of  studies  on  the  epidemiology,  epizootology, 

j  clinical  aspects  and  diagnosis  of  tularemia  made  both  at  the  "Mikrob"! 

'  Institute  itself  and  at  the  ^Astrakhan'  and  Stalingrad  Plague  Stations  j 
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subordinate  to  it  and  in  their  departments  (Ye.  I.  Novikova,  G.  A. 
Lalazarov,  V.  M.  Tumanskiy,  Z.  I.  Kolesnikova,  V.  I.  Gorokhov, 

A.  L.  Kazantseva,  Ye.  A.  Usov  and  others)  refer  to  this  period.  Y. 

N.  Fedorov  and  V.  F.  Sivolobov  (1935)  then  made  the  first  study  of 
mosquitoes  as  vectors  of  tularemia,  and  M.  M.  Tikhomirova,  P*.  I. 
Timofeyeva  and  N.  V.  Ekstrem  (1935)  suggested  a  simplified  agglutina¬ 
tion  test  by  the  thick  drop  method. 

Independently  of  the  "Mikrob"  Institute  but  almost  at  the 
same  time  V.  P.  Bozhenko  (1935,  1936)  took  up  the  study  of  blood-suck-] 
ing  Diptera  and  bugs  as  vectors  of  tularemia.  Beginning  with  1932  D. 

A.  Golov  at  the  Alma-Ata  Flague  Station,  to  which  he  was  transferred] 
began  the  planned  study  of  problems  of  the  epizootology  of  tularemia. 


Professor  L.  M.  Khatenever 

I 

i  For  the  first  time  in  the  USSR  he  (along  with  Y.  N.  Fedoro') 

]  established  the  important  role  of  ixodlal  ticks  as  vectors  of  tularemia 
*  by  means  of  very  thorough  field  and  experimental  studies,  D,  A.  Gol 
j  ov  made  a  detailed  study  of  the  characteristics  of  tularemia  epizootic^ 
j  among  water  rats  for  five  years  (1932-1936)  in  the  small  spring  rivu 
i  lets  in  the  environs  of  Alma-Ata.  This  type  of  focus,  as  was  made 
i  clear  subsequently,  was  more  widely  distributed  and  was  given  the 
.name.of  .moizntain.tvail<iy.facujs..(Y*-.PwJiozhenka^,lJ9.5Q).or  Joothilljr _ 
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brook  (A.  D.  Lebedev,  1953).  With  the  asoistance  of  D.  A.  Golov, 
in  1933-1936,  O.  A.  Dudinov  studied  experimentally  the  ophthalmic 
form  of  tularemia  in  rabbits.  The  results  of  this  work  were  then  gen¬ 
eralized  on  by  Dudinov  in  a  doctoral  dissertation.  This  was  the  first 
dissertation  in  the  USSR  on  tularemia;  it  was  defended  at  Tashkent  in 
1940. 

In  1934-1936  D.  A.  Golov  and  we  (during  periodic  trips  to 
Alma-Ata)  made  a  large  series  of  experimental  studies  for  the  elucida¬ 
tion  of  the  role  of  blood-sucking  Dipterain  transmission  of  tularemia. 
These  works  were  begun  at  the  suggestion  of  Ye.  N.  Pavlovskiy,  whoso 
co-worker  we  were  in  the  department  of  parasitology  of  VIEM  imeni 
Gor'kiy  (Moscow).  The  studies  on  tularemia  vectors  were  continued 
in  1937  by  us  in  cooperation  with  G.  A.  Lalazarov  in  the  Volga  delta 
near  Astrakhan1,  and  in  1938  in  Mikhenvskiy  Rayon  of  Moskovskaya 
Oblast  in  an  expedition  headed  by  B.  V.  Voskresenskiy  (see  below). 

For  the  purpose  of  assuring  the  continuation  of  these  studies  an  office 
of  parasitology  was  created  in  1939  at  the  tularemia  laboratory  of  the 
VIEM,  of  which  we  are  the  heads .  Ye.  N.  Tolstukhina  was  a  co-work¬ 
er  in  this  office  during  that  period.  This  office  was  restored  after  the 
Second  World  War  as  a  laboratory  of  vectors  of  particularly  dangeroui 
infections  in  the  department  of  parasitology  mentioned,  which  at  that 
time  was  included  in  the  IEM  imeni  Gsmaleya.  The  trend  of  the  works 
of  this  office  and  then  of  the  laboratory  was  not  only  parasitological 
but  also  epizootological.  After  L.  M.  Khatenever's  death  (1948)  the 
laboratory  of  vectors  of  particularly  dangerous  infectious  diseases  and 
j  the  laboratory  of  tularemia  were  combined  into  one  laboratory, and 
I  supervision  of  the  laboratory  was  given  to  us.  During  this  and  the 
1  subsequent  period  the  workers  in  the  laboratory  were  T.  N.  Dunayev, 
j  O..  S.  Yemel'yanova,  Ye.  M.  Tsvetkova,  later  V.  G,  Petrov,  G.  P. 
Uglovoy,  R.  A.  Savel'yeva  and  others. 

In  1934,  in  Rostov-na-Donu  on  the  initiative  of  A,  A.  Millei 
the  department  of  tularemia  was  created  at  the  Azov- Black-Sea  Region¬ 
al  Inatitute  of  Microbiology  and  Epidemiology.  The  department  was 
|  headed  by  P.  V.  Somov,  whose  co-workers  were  N.  K.  Grzhebina,  * 

|  V.  P.  Dzhanpoladova,  V.  P.  Romanova,  Ye.  M.  Tsvetkova  and  otheri. 
The  impetus  for  the  creation  of  the  department  was  constituted  by  two! 

I  epidemic  outbreaks:  one  was  of  arthropod-borne  type,  observed  in  the 
j  summer  of  1933  in  the  Don  delta,  ami  the  second  was  of  a  mixed  type  { 
(agricultural,  domestic  and  water-borne)  in  the  winter  of  1933-1934  oh 
j  the  territory  of  Rostovskaya  (at  that  time  Azovo-Chernomorskiy  Krayj 
•  and  partly  in  Stalingradskaya  Oblasts.  In  the  study  of  tho  latter  out-  J 
,  break  tho  role  of  the  house  mouse  as  a  source  of  infection  was  shown  I 
for  the  first  time  (A.  A.  Miller,  B.  N.  Stradomskiy,  P.  V.  Somov  anjd 


others).  On  the  basis  of  the  study  of  the  clinical  characteristics  of  dii  - 
ease  in  people  during  this  outbreak  made  by  workers  of  the  chair  of 
infectious  diseases  of  the  Rostov-na -Donu  Medical  Institute  headed  by 
its  director  B,  N.  Stradomskiy,  anginal -bubonic  (B.  N.  Stradomskiy)  ( 
abdominal  (G.  P.  Rudnev,  Ye.  D.  Polumordvinova)  and  pneumonic 
(G.  P.  Rudnev)  forms  of  tularemia  were  distinguished  and  described. 

G.  P.  Rudnev  worked  out  a  more  complete  clinical  classification  of 
tularemia  than  American  authors  had.  B.  N.  Stradomskiy  and  I.  S. 
Tinker  suggested  the  water  route  of  infection  of  people  through  the 
consumption  of  water*  which  was  then  proved  by  P.  Y.  Somov  in  cooper* 
ation  with  A.  A.  Vol'ferts  and  Ye.  I.  Novikova  after  isolating  cultures 
of  the  pathogen  from  a  well  contaminated  by  rodents.  In  the  world  lit¬ 
erature  the  role  of  the  water  factor  in  the  epidemiology  of  tularemia 
had  not  been  noted  prior  to  that.  In  the  summer  of  1937  an  arthropod- 
borne  outbreak  of  tularemia  recurred  in  the  Don  delta*  and  in  the  stud  f 
of  it  it  was  possible  for  the  first  time  to  isolate  (by  a  biological  test 
on  guinea  pigs)  cultures  of  the  tularemia  microbe  from  two  species  of 
horseflies  (P,  V.  Somov  and  coauthors*  1940).  Subsequently*  blood¬ 
sucking  diptera  spontaneously  infected  with  the  tularemia  pathogen  we:  e 
found  in  other  natural  foci  by  Ye.  X.  Novikova,  V.  G.  Pilipenko,  V.P. 
Bozhenko  and  others.  Aside  from  epidemiological  studies  during  the 
outbreaks  mentioned  above*a  series  of  investigations  on  tularemia  wai 
made  by  workers  of  the  Rostov  laboratory  under  the  supervision  of  P. 

V.  Somov  subsequently  dealing  with  problems  of  epizootology.  immun 
ology*  serotherapy  and  disinfection. 

In  1934,  tularemia  was  found  in  the  Ukraine  (Cherkasskiy 
Rayon).  The  first  cases  of  disease  among  people  (infections  in  the  wat¬ 
er  rat  and  hamster  industry  as  well  as  in  the  hare  industry)  were  de¬ 
scribed  by  S.  N.  Ruchkovskiy  and  coauthors  (1935).  Beginning  with 
j  1935  the  Tomsk  Institute  of  Epidemiology  and  Microbiology  began  the 
S  study  of  tularemia  in  West  Siberia;  S.  P.  Karpov  headed  this  work. 

I  Interest  was  shown  in  tularemia  because  of  the  finding  of  cases  among 
people  occurring  as  the  result  of  consumption  of  infected  water  from  1 
j  running  brook  (S.  P.  Katpov  and  N.  I.  Antonov*  1936)  in  the  summer 
of  1935  in  what  was  formerly  Tayginskiy  Rayon  of  Zapadno-Sibirskiy 
Kray  (now  Yashkinskiy  Rayon  of  Kerne ro vs kaya  Oblast).  This  focus 
was  then  studied  in  detail  by  A,  A.  Selezneva*  and  tularemia  infection 
was  found  in  various  water-dwelling  animals  living  in  brooks  infected 
*  with  tularemia  bacteria.  In  its  characteristics  this  focus  belongs  to 
j  the  foothill-  brook  type  (see  above). 

1  S.  P.  Karpov  and  his  co-workers  V.  M,  Popov*  A*  A.  Sel- 

!  esneva,  A.  7.  Komarova,  A.  G.  Slinkina  and  V.  I.  Seredina  made  a 
series  of  important  studies  on  the  epidemiology,  epizootology*  diiyosis 


diegwsis 


Professor  B.N.  Stradomskiy 


:  and  prophylaxis  of  tularemia  and  contributed  much  to  acquainting  med- . 

{ ical  workers  of  Siberia  with  this  infection  and  methods  of  controlling 
jit. 

!  Beginning  with  1938  the  Stavropol-  Plague  Station  (now  the 

Scientific  Research  Plague  Institute  of  tho  Caucasus  and  Transcaucas- 
us)  began  the  study  of  tiiaremia.  In  1940,  on  the  territory  of  Stavro- 
pol'skiy  Kray  a  large  autumn-winter  outbreak  of  tularemia  occurred, 
(associated  with  an  episootic  among  mouso-like  rodents.  Study  of  this 
[outbreak  made  by  V.  N.  .Ter -Vartanov,  I,  G.  Xoff,  M.  P,  Pokrovskaya, 
!M.  A.  Miroshnichenko,  L  N,  Mayskiy  and  others  added  a  number  of  J 
]  new  facts  to  the  epidemiology  and  episootology  of  this  infectious  die-  j 
I  ease, 

i  In  1934,  data  on  ths  study  of  tularemia  in  the  USSR  were  ref 

ported  by  L,  M,  Khatenever,  G.  Ya,  Sinay,  A.  A.  Miller,  G.  P.Rud-j 
!nev,  D.  A.  Golov,  N.  G.  Olsuf'yev  and  others  to  the  All-Russian  Con} 
jference  of  Microbiologists  and  Epidemiologists,  at  which  the  problem 
’  of  tularemia  was  posed  as  one  of  the  subjects  on  the  program.  At  thii 

Xonference  the  mc^caij>u^^hc^d_^d_dijciiSj?^jfQxJ|\R  Jl nUilOC _ 
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the  initial  results  of  the  study  of  tularemia  in  the  USSR.  Specifically)  I 
a  new  classification  of  clinical  forms  of  the  disease  was  proposed  whiejh 
had  been  worked  out  by  Soviet  authors.  In  the  report  data  were  pre¬ 
sented  on  the  epidemiology*  epizootology,  clinical  aspects  and  diagnos  • 
is  of  tularemia*  including  the  first  data  on  the  distinction  of  a  pneum¬ 
onic  form  of  this  disease  (G.  P.  Rudaev)  and  the  extensive  application 
of  tularin  to  people  with  the  aim  of  diagnosis  (I*.  M.  Khatcnever  and 
others). 

At  the  beginning  of  1938  (1-3  February)  at  the  VIEM  the  firs  ; 
All-Union  Conference  on  Tularemia  was  convoked,  at  which  P.  F. 
Zdrodovskiy,  A.  A.  Vol'ferts,  N.  A.  Popov,  S.  P.  Karpov*  P.  V. 
Somov,  N.  G.  Olsuf'yev,  B.  V.  Voskresenskiy*  P.  A.  Vershilova  and 
others  participated.  At  the  Conference  the  main  results  of  the  study 
of  this  disease  and  of  its  control  in  the  country  were  summarizcd,and 
further  problems  were  outlined.  It  was  decided  to  recommend  that  th< 
Narkomzdr&v  SSSR  organise  tularemia  stations  and  departments,  by  an¬ 
alogy  with  the  malaria  and  brucellosis  systems,  entrusting  the  prob¬ 
lems  of  an  organizational-scientific  center  to  the  tularemia  laboratory 
of  the  VIEM.  The  need  was  also  pointed  out  for  expanding  the  teaching 
on  tularemia  in  medical  colloges  and  institutes  for  the  advanced  train¬ 
ing  of  physicians  as  well  as  publication  of  appropriate  literature  and 
the  introduction  of  compulsory  registration  of  cases  of  tularemia  by 
public  health  organs. 

In  1938  the  fir  at  tularemia  stations  in  the  USSR  were  organ¬ 
ised  —  Fodol'ak  (later  Mikhnevo)  and  Zarsysk  in  Moskovskaya  Oblast; 

I  Mikhaylov,  in  Ryazanskaya  Oblast;  Plavsk,  in  Tul'skaya  Oblast;  and 
|  Borisogleb,  in  Voroneshskaya  Oblast. 

|  The  impetus  for  organization  of  them,  aside  from  the  reso- 

|  lutiou  of  tho  Conference  mentioned  above,  was  a  large  outbreak  of  tu¬ 
laremia  of  agricultural  origin  observed  in  January -April  1938  and  em  • 
bracing  a  number  of  regions  of  Moskovtkaya,  Ryazanskaya,  Tul'skaya 
and  Orlovskaya  oblasts,  as  well  as  water  and  other  outbreaks  observe  I 
)  in  1938  in  Voroneshskaya  Oblast.  For  the  purpose  of  conducting  anti- 
j  epidemic  measures  foci  of  these  diseases  detachments  were  sent 
|  out  headed  by  L.  V.  Gromashevskiy,  Q.  Ya.  Sin&y,  B.  1.  Gandel’smak 
and  others.  At  the  end  of  the  outbreak  the  laboratory  centers  of  these 

*  detachments  were  used  lex  the  organisation  of  stations  mentioned 
I  abtjvs,  which  were  given  the  functions  of  inter  rayon  institutions. 

At  the  beginning  of  1939  (19-23  January)  the  second  All-Uni  n 

*  Conference  on  Tularemia  was  convoked  at  the  VIEM,  which  had  a  grei  t- 
j  sr  attendance  than  the  Bret  one.  L.  M.  Khatenever,  O.  Ya.  Sinay,  C , 

!  P.  Rudaev,  N.  A.  Geyskiy,  N.  A.  Popov,  B.  V.  Viskreseaskiy,  NG 
Olsuf’yev,  A.  N.  Berinskaya,  P.  A.  Vershilova  and  others  participated 
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i 
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!  in  it.  The  Conference  waa  mainly  on  a  summarisation  of  the  results 
|  of  study  of  the  tularemia  outbreak  in  1938  as  well  as  the  reeulte  of  its  j 
i  control.  The  main  reaolutione  of  tho  eecond  Conference  in  the  main  ! 
I  repeated  the  reaolutione;  of  the  firat  onej  specifically  it  waa  pointed  | 
*  out  once  again  that  there  ia  a  need  for  introducing  compulaory  regia*  ; 
|  tration  of  casea  of  tularemia  in  people.  In  1939*  data  of  the  etudy  of  ; 
,  tularemia  in  the  USSR  were  reported  by  G.  Ya.  Sinuy,  G.  P.  Rudnov*. 
N.  G.  Olsuf'yev,  A.  N.  Borinskayar  B.  V.  Voskrcscnskly,  N.  A.  1 
I  Gayikiy.  P.  V.  Somov.,  N-  A.  Popov,  N.  K.  G^xhebina  and  others  to  i 
;  tho  All-Union  Conference  of  Microbiologists ,  Epidemiologists  and  I 
Specialise  AP  X‘\.the  f>.^>  V?  the. _ ! 

0 


epidemiology,  epizootology,  clinical  aspects,  treatment  and  prophyl¬ 
axis  of  tularemia  were  discussed,  whereby  the  problem  of  classifica¬ 
tion  of  clinical  forms  of  this  infectious  disease  was  subjected  to  epoch  1 
discussion.  In  the  same  year,  1939,  at  the  first  conference  on  parasi  ;- 
oiogical  problems  all  the  materials  accumulated  up  to  that  time  on  ret  - 
ervoirs  of  tularemia  and  vectors  of  it  were  analyzed  (N.  G.  Clauf 'yev 
1939)  from  the  viewpoint  of  natural  focalization  of  the  infectious  diseai  e 
in  accordance  with  the  general  principles  of  the  doctrine  of  Academi¬ 
cian  Ye.  N.  Pavlovskiy  which  had  just  boon  formulated  about  the  nattu  - 
al  focalization  of  arthropod-borne  diseases.  In  1940  and  1941  special  . 
conferences  were  held  on  tularemia , but  they  were  convoked  by  the 
Narkorozdrav  SSSR  and  were  more  specialized  than  the  conferences  of 
1938  and  1939  at  the  VIEM.  The  1941  conference  was  chiefly  on  sum¬ 
marizing  results  of  control  of  the  tularemia  outbreak  observed  in  Stav  - 
ropol'skiy  Kray  in  1940  (see  above). 

During  the  period  under  analysis  the  first  expeditions  were 
organised  for  the  detailed  study  of  natural  foci  of  tularemia.  One  of 
them,  under  the  supervision  of  B.  V.  Yoskresenskiy,  worked  in  1938 
in  Mikhnevskiy  Rayon  of  Moskovskaya  Oblast.  N.  V.  Nekipelov,  Ye. 

N.  Tolstukhina,  Ye.  M.  Tsvetkova,  N.  N.  Uzanov,  N.  G.  Olsuf'yev 
and  others  participated  in  it. 

This  expedition  for  the  Bret  time  established  the  role  of 
common  voles  as  a  mass  source  of  infection  of  people  (the  Bret  Bndin  ; 
of  natural  tularemia  in  these  voles  in  1938  in  the  environs  of  Alma -At . 
was  made  by  D.  A.  Golov),  and  a  number  of  other  reservoirs  of  the  is  - 
lection  in  the  group  of  rodents  and  insectivores  was  demonstrated.  F<  r 
the  Bret  time  in  the  USSR  the  possibility  of  tularemia  infection  of  cat¬ 
tle,  hogs  and  horses  was  established  (K.  N.  Usonov),  and  disease  in  | 
sheep  was  confirmed.  In  sheep  tularemia  was  found  for  the  Brst  time 
|  by  K.  A.  Dorofeyov  and  V.  1.  Gorokhov  (1938)  in  Stalingradskaya  Ob- 
t  last.  The  studies  of  the  Mikhnevo  expedition  wore  continued  In  1939- 
i  1941  under  our  supervision,  and  the  rode  of  ixodial  ticks  eras  estab¬ 
lished  In  prolonged  maintenance  of  the  infection  during  the  interepiso- 
otic  period. 

A  large  comprehensive  expedition  was  organised  in  1940  in 
West  Siberia  under  the  direction  of  L.  M.  Khatenever.  8.  P.  Karpov! 
A.  F.  Komarova,  N,  A.  Popov,  Y.  M.  Popov,  H.  V.  Nekipelov,  N.  J 
Q.  Olsuf'yev  and  others  participated  in  its  work.  ? 

In  concluding  the  presentation  of  the  main  works  of  the  perij* 

I  od  of  study  ef  tularemia  under  analysis,  we  should  make  particular  J 
1  note  of  the  very  valuable  investigations  of  B.  Ya.  El'bert  and  N.  A.  j 
)  Gayekly  in  the  Beld  of  pathology  and  immundogy  of  tularemia  and  th  <4 
\  oreticsi  substantiation  ef  vaccine  prophylaxis  of  this  infectious  disease. 
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N.  A.  Gayskiy  became  acquainted  for  the  first  time,  for  practical  pur¬ 
poses,  with  tularemia  during  an  arthropod-borne  outbreak  in  Balashov 
(on  the  Khopra  River)  in  1931*  where  he  suffered  the  disease  after  lab¬ 
oratory  infection.  The  result  of  combined  basic  workc  of  B.  Ya.  Eg¬ 
bert  and  N.  A.  Gayskiy  (1941)  which  they  made  during  the  period  from 
1932  to  1936  was  a  clarification  of  the  main  rules  and  regulations  of 
variation  of  the  tularemia  microbe  as  well  as  a  detailed  study  of  the 
characteristics  of  the  tularemia  infection  and  mechanisms  of  immunity  ’ 
in  it.  Along  with  the  virulent  strains  the  authors  had  at  their  disposal 
a  strain  with  reduced  virulence,  which  in  an  experiment  on  animals 
and  in  tests  on  people  possessed  the  properties  of  a  vaccine  and  cause  i 
a  distinct  immunological  reorganization  of  the  body.  (This  strain, 
called  '’Moskva"  /MoscowJ  by  the  authors,  was  then  lost.)  These  in- 
|  vestigations  were  stopped  for  reasons  not  under  the  control  of  the  au¬ 
thors  and  were  renewed  only  several  years  later. 

During  the  period  under  analysis  valuable  investigations  we: 
made  by  P.  P.  Dvixhkov  (1930,  1932,  1936),  G.  V.  Vygodchikov  and 
1*,  M.  Kh&tenever  (1932)  on  the  pathology  of  tularemia,  which  was  fur 
ther  developed  in  the  works  of  V.  G.  Molotkova,  F.  1.  Pozhariskiy, 

L.  S.  Bobrova,  Z.  D.  Xhakhiaa,  Y.  S.  Kolesnik  and  other  authors 


(see  below). 

The  years  of  the  Second  World  War  (beginning  with  1942)  and 
the  first  post-War  years  through  1949  can  be  considered  as  belonging 
to  the  third  period  of  study  of  tularemia  in  the  USSR.  This  period  is 
characterised  by  a  considerable  expansion  (beginning  with  1943)  of  the 
system  of  tularemia  stations  as  measures  directed  against  the  in¬ 
creased  incidence  of  tularemia  during  the  war  years  (see  below)  as 
well  as  extensive  acquaintance  of  the  medical  public  of  tho  country  with 
the  aspects  and  diagnosis  of  this  disease,  la  contrast  to  tho  | 

second  period  the  tularemia  statious  were  created  almost  exclusively 
|  as  oblast  or  kray  institutions.  In  their  ten  years  of  existence  they 
!  played  a  decisive  part  in  die  organization  of  control  of  tularemia  and 
j  fully  justified  themselves.  Subsequently,  they,  as  well  as  other  spec* 

I  iaUsed  antiepidemic  institutions,  were  combined  with  the  sanitary 
j  epidemiological  stations.  Because  cf  the  work  cf  the  tularemia  sta-  1 
s  tions  there  was  a  marked  increase  in  the  knowledge  of  the  clinical  as  -j 
l  psets  and  diagnosis  of  tularemia  by  the  rank  and  file  medical  workers* 

{  Major  outbreaks  of  tularemia  wore  observed  among  the  pcpl> 

ulation  of  different  regions  of  the  country  both  during  the  period  of  the 
■  Second  World  War  and  during  the  first  post-V/ar  years  (see  below). 

*  The  increase  in  the  number  of  registration  cases  of  diseasq 

!  Was  associated  not  only  with  the  improvement  of  diagnosis  of  tularomk 
!  ia  but  also  with  an  Increase  in  die  epizootic  among  rodents  against  thej 
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background  of  their  mass  multiplication.  During  tho  War  particularly) 
severe  episootics  of  tularemia  were  observed  on  territories  which 
were  under  the  temporary  occupation  of  German  invaders,  for  exam- 
J  pie,  in  the  Ukraine*  in  StaJLingradskaya,  Rostovskaya  oblasts  and  otherf, 
|  as  well  as  in  the  oblasts  of  the  forest  steppe  belt  of  the  European  por-j 
j  tion  of  the  USSR,  where  agriculture  was  impaired  by  the  course  of  the] 

!  War  (Tul'skaya,  Yoronexhskaya,  Ryasanskaya,  Orlovskaya,  Kurskays[ 
j  and  other  oblasts).  Tularemia  was  observed  in  the  battling  armies, 

!  whereby  the  German  physicians,  not  being  acquainted  with  tularemia, 

*  first  diagnosed  it  as  Volhynia  fever  (A.  I*  Volkov,  1944,  and  others). 

\  The  high  incidence  of  tularemia  in  the  German  Army  on  the  Eastern  ! 

I  Front  was  reported  by  Jurats  (1952),  Trautmann  (1953)  and  others.  J 
Soviet  scientists  G,  P.  Rudnev,  X.  L  Yeildn,  T.  Ys.  Boldy¬ 
rev,  K.  7.  Akinfiyev,  H,  L  Kalabukhov,  1.  R.  Drobinskiy,  B.  L.  Ugp 


,  ryumov.  A,  7.  Bilibin,  L.  M.  Khatenever,  1.  N.  Mayskiy  and  others 
|  under  tte  difficult  wartime  conditions  made  an  important  contribution 
)  to  the  clinical  aspects,  diagnosis,  epidemiology  and  prophylaxis  of 

:jwartixns.£ilMst^jtottg^^  J 
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breaks  of  tularemia  were  described  (A.  1.  Volkov,  1944;  B.  Ye.  Ncs- 
govorov  and  A.  A.  Chasovnikov,  1944;  I.  M.  Rafalovicn,  1943;  I.  N. 
Mayskiy,  1944;  S.  V.  Grikurov,  1946;  and  others),  and  a  study  was 
made  of  the  pathology  in  tularemia  (V.  G.  Molotkov,  1943;  F.  I.  Poz* 
hariskiy,  1946;  A.  S.  Bobrova,  1949);  vaccine  therapy  was  worked 
out  and  used  clinically  (L.  M.  Khatcnever,  Ye.  M.  Tsvetkova,  A.  F. 
Bilibin,  G.  P.  Rudnev  and  others).  The  results  of  the  control  of  tu¬ 
laremia  under  wartime  conditions  were  then  generalized  on  under  the 
general  editorship  of  G.  P.  F.udnev  in  a  volume  of  the  32 -volume  pub¬ 
lication  Experience  of  Soviet  Medicine  During  the  Second  World  War 
1941-1945.  In  1943,  at  the  plenary  meeting  of  the  Scientific  Medical 
Council  of  the  Narkomzdrav  RSFSR  one  of  the  main  problems  was  that 
of  tularemia.  In  the  reports  by  L.  M.  Khatcnever,  I.  N.  Mayskiy  and; 
A.  F.  Bilibin  new  data  were  reflected  which  had  been  accumulated  durj- 
ing  the  first  years  of  the  Second  World  War.  | 

Even  in  the  pre-War  years  the  question  of  vaccine  prophyl- ! 
axis  of  tularemia  arose  very  pointedly.  As  was  mentioned  above,  B. 
Ya.  El'bert  and  N.  A.  Gayskiy  took  up  this  matter  particularly  success 
j  fully.  The  latter,  continuing  investigations  at  the  Irkutsk  Plague  Insti  • 
'  tute  and  using  methods  of  attenuation  of  tularemia  bacteria  which  he 
had  worked  cut,  obtained  two  strains  of  reduced  virulence  at  the  end  o ’ 
1941  which,a£ter  careful  testing  on  laboratory  animals, he  used  for  the 
preparation  of  living  vaccine.  In  1942,  he  and  V.  V.  Kosmachevskiy 
made  the  first  successful  tests  of  vaccine  on  volunteers,  and  in  subse  > 

|  quent  years  the  vaccine  was  widely  tested  by  N.  A.  Gayskiy  in  foci  of 
|  infectious  disease,  including  Kirovskaya,  Ryazanskaya  and  Vo rone zh- 
!  skaya  oblasts.  The  vaccine  was  used  subcutaneously.  | 

j  In  1945,  B,  Ya.  El’bert  and  co-workers  at  tho  Rostov 


•  Plague  Institute  continued  their  investigations  after  showing  tho  possi- 
j  bility  of  percutaneous  application  of  tho  vaccine  made  of  the  Gayskiy 

•  strain,  which  very  much  simplified  the  incorporation  of  It  into  prac- 

'  tice.  (According  to  the  personal  report  of  B*  Ya.  El'bort,  he  obtained 
|  toe  first  and  completely  convincing  data  on  percutaneous  vaccination 
j  against  tularemia  in  1937  in  his  work  with  the  "Moskva"  strain. )  The 
!  vaccine  was  grown  in  a  liquid  egg  yolk  medium  proposed  by  M.  S. 

|  Droshevkina;  this  preparation  proved  to  be  simple  to  produce  but  wae 
I  inadequately  stable  on  standing,  as  toe  result  of  which  it  was  subse-  I 
v  quently  replaced  by  a  dry  vaccine.  The  tularemia  was  first  dried  by  j 
N.  A.  Gayskiy  and  Ye.  M.  Golinevich,  but  it  was  finally  developed  byi 
j  M.  M.  Fayblch  and  T.  3.  Tamarina  (1946).  The  living  dry  tularemia! 

;  vaccine  of  the  NUEG  /Scientific  Research  Institute  of  Epidemiology  ! 

,  andHyglenq7  proposed  by  M.  M.  Fayblch  is  a  highly  effective  prepar¬ 
ation  and  its  immunogenic  properties  are  considered  a  model  with  j 
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respect  to  which  various  institutes  arc  oriented  in  its  preparation.  M. 

M.  Faybich  and  his  co-workers  also  carried  out  a  number  of  valuable 
studies  on  experimental  immunology  of  tularemia  and  the  testing  of  a 
living  vaccine  on  people.  B.  Ya.  El'bert  and  co-workers  (1946)  in 
1945  proved  the  high  degree  of  effectiveness  of  percutaneous  vaccina¬ 
tion  when  used  at  the  time  of  a  beginning  epidemic  outbreak.  Inpuallel 
with  the  study  of  vaccination  at  the  Rostov  Pla-ue  Institute  extensive 
investigations  were  made  on  the  microbiology,  pathogenesis  and  im¬ 
munity  of  tularemia  and  other  problems  (I.  S.  Tinker,  M.  S.  Drozhev* 
kina,  Z.  D.  Khakhina,  T.  I.  Puchkova  and  others). 

In  1946,  at  the  conference  on  tularemia  convoked  at  the 
Ministry  of  Health  RSFSR  the  results  of  study  of  this  infectious  diseas  i 
in  the  War  years  were  summarized,  including  problems  of  the  epidem- 
I  iology,  clinical  aspects  and  prophylaxis.  There  were  many  people  at 
the  conference;  L.  M.  Khatenever,  I.  N.  Mayskiy,  B.  Ya.  El'bert, 

N.  I.  Gayskiy,  M.  M.  Faybich,  G.  P.  Rudnev,  A.  F,  Bilibin,  I.  G. 
Akimov,  A,  A.  Maksimov,  P.  V.  Somov,  N.  G.  Olsuf'yev,  V.  S.  Sil'- 
chenko  and  others  participated  in  it.  The  main  problem  of  the  confer¬ 
ence  consisted  of  the  first  results  of  application  of  living  vaccine,  pre¬ 
sented  in  the  reports  of  N.  A.  Gayskiy,  B.  Ya.  El'bert,  M.  M.  Fay¬ 
bich  and  others.  The  extensive  material  accumulated  during  the  en¬ 
tire  preceding  period  of  study  of  tularemia  afforded  the  possibility  to 

a  number  f  investigators  of  speaking  at  the  conference  and  then  pub¬ 
lishing  the  most  complete  classification  of  types  of  epidemic  outbreak:} 
(L.  V.  Gromashevskiy,  I.  N.  Mayskiy,  I.  I.  Yolkin  and  others),  the 
types  of  natural  foci  (A.  A,  Maksimov,  N.  G.  Olsuf'yev,  later,  V.-  P.J 
Bozhenko,  S.  P.  Karpov  and  others),  and  clinical  forms  of  disease  i 
(G,  P.  Rudnev,  A.  F.  Bilibin,  A.  N.  Berinskaya  and  others). 

Along  with  the  Irkutsk  and  Rostov  plague  institutes  scien- 
I  tific  research  work  on  tularemia  was  conducted  at  the  end  of  the  War 
I  and  during  the  post-War  years  in  Moscow  at  the  IEM  imeni  Gamaleya, 
l  at  the  Stavropol'  Plague  Station  (later  reorganized  into  an  institute), 

I  at  the  Moscow  Observation  Station,  Moscow  and  Tomsk  institutes  of 
j  epidemiology  and  microbiology,  at  the  chairs  of  certain  colleges  (TsIU 
'  /"Central  Institute  for  Advanced  Training  of  PhysiciansJ,  Smolensk  j 
{  Medical  Institute  and  others)  as  well  as  at  various  tularemia  stations  j 
j  (Voronezh,  Tula,  Moscow,  Stalingrad,  Smolensk,  Rostov-na-Donu,  j 
t  Mikhnevo,  Plavsk  and  others).  In  these  institutions  detailed  studies  j 
,  wore  made  in  the  field  of  microbiology,  immunology,  epidemiology,  j 
j  epizootology,  zoology,  parasitology  and  prophylaxis  of  tularemia.  • 

J  Aside  from  the  works  of  N.  I,  Gayskiy  and  coauthors  and  j 

J  B,  Ya.  El'bert  and  coauthors  mentioned  above  on  immunology  and  vacj- 
:  cine  prophylaxis  of  tularemia  mention  should jil  § o. be. made  of  i nv e s ti ga • 
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tions  of  1.  N.  Mayskiy,  V.  A.  Yudenlch,  I.  S."  Tinker  and  A.  V.  Mash¬ 
kov,  which  they  generalized  on  in  doctoral  dissertations.  The  work 
of  O.  S.  Yemel'yanova  on  microbiology  was  completed  by  the  publica¬ 
tion  of  a  separate  monograph.  Of  the  wotk  done  at  the  Tularemia  Sta¬ 
tion  we  should  like  to  mention  studies  on  the  effectiveness  of  vaccina¬ 
tion  by  V.  S.  Sil'chenko  (Voronezh)  anu  N.  A.  Kazberyuk  (Ryazan1), 
generalized  on  in  candidates'  dissertations.  In  the  field  of  veterinary 
medicine  K.  A.  Eorofcyev  (1951)  generalized  on  data  on  tularemia  in 
agricultural  animals,  but  the  large  number  of  distortions  and  errors 
in  the  references  made  by  Dorofeyev  in  the  book  which  he  published. 
Tularemia  in  Animals,  deprives  us  of  the  opportunity  of  using  it  for 
reference  purposes. 

In  the  period  under  analysis  a  comprehensive  study  was 
made  of  the  natural  foci  of  tularemia  with  the  aim  of  substantiating 
methods  of  sanitization  of  them.  Such  studies  were  made  by  the  "Mi- 
krob"  Institute  in  1943-1945  in  the  Volga  delta  (V.  G.  Pilipenko,  G.  A. 
Kondrashkin  and  others),  the  IEM  imeni  Gamaleya  in  1946,  1949  in 
Mikhnevskiy  Rayon  and  adjacent  rayons  in  the  south  of  Moskovskaya 
Oblast  (N.  G.  Olsuf'yev,  N.  P,  Naumov,  I.  N.  Mayskiy,  V.  V,  Kuch-f 
eruk,  T.  N,  Dunayeva  and  others),  the  Rostov  Plague  Institute  in  the  j 
Don  delta  (V.  P.  Romanova,  V.  P.  Bozhenko,  M.  G.  Yakovlev  and  ! 
others),  the  Tomsk  Institute  of  Epidemiology  and  Microbiology  in  West 
Siberia  (S.  P.  Karpov,  A.  A.  Selezneva,  V.  M.  Popoy).  Many  years 
of  experience  of  work  in  Mikhnevskiy  Rayon  showed  the  promise  of 
sanitization  of  various  natural  foci  of  tularemia  and  were  made  the 
basis  of  the  compilation  of  a  number  of  instructions  on  tularemia  by  a 
group  of  authors  which  have  been  included  in  the  collection  of  the  Min-j- 
istry  of  Health  USSR,  Tularemia.  Organizational-Methodological  Ma-j 
terial.  ! 

In  places  during  this  period  work  was  done  successfully  on 
regional  epidemiology,  which  made  it  possible  to  evaluate  properly  the 
system  of  prophylactic  measures  being  taken  (G.  P.  Slavin,  A.  F,  ! 
Komarova,  Yu.  A,  Myasnikov  and  others).  Of  the  group  of  valuable  j 
generalizations  of  a  zoological-epizootological  nature  made  during  this 
period  note  should  be  made  of  the  book  by  A.  N.  Formozova  (1947)  on! 
the  ecology  of  mouse -like  rodents  --  reservoirs  of  tularemia.  At  the! 
end  of  1949  the  Ministry  of  Health  USSR  promulgated  an  order  that  the 
tularemia  measures  be  intensified  in  the  country,  The  basis  for  this  J 
was  the  large  tularemia  outbreak  in  the  Ukraine  and  in  Moldavia  in 
1948-1949  as  well  as  an  increase  in  the  morbidity  rate  in  other  areas, 
Provision  was  made  for  intensification  and  regulation  of  rodent  con¬ 
trol,  including  wo  *k  done  for  reducing  the  census  of  the  water  rat,  and 
provision  was  made  for  intensification  of  this  industry  by  means  of 
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increasing  the  prices  to  be  paid  for  procuring  water  rat  pelts.  Public! 
health  organs  were  advised  to  expand  the  system  of  tularemia  stations] 
and  intensify  inoculations. 

This  order  played  an  important  part  in  the  proper  organi¬ 
zation  of  measures  and  reduction  of  the  incidence  of  tularemia  in  the 
country.  To  a  certain  degree  it  defined  the  boundary  between  the  per-{ 
iods  of  study  of  tularemia  analyzed  above  and  subsequent  one3.  Cor¬ 
respondingly,  the  fourth  or  modern  period  can  be  regarded  as  beginnif; 
with  1950  and  being  in  existence  now.  It  is  characterized  by  the  maxi¬ 
mum  number  of  tularemia  institutions  in  the  country  (reorganized  in 
1955  into  departments  of  particularly  dangerous  infectious  diseases  of 
the  oblast  and  kray  sanitary- epidemiological  stations)  and  by  the  most 
complete  development  of  their  practical  activity  as  well  as  by  planned 
.mass  coverage  of  the  population  by  inoculations  and  the  taking  of  otherj 
!  prophylactic  measures  in  regions  of  the  country  unfavorable  with  re¬ 
spect  to  tularemia.  Also,  the  further  mastery  of  diagnostic  and  pro¬ 
phylactic  measures  in  tularemia  by  the  medical  public  has  taken  place 
although  in  various  places  the  acquaintance  with  this  infectious  disease 
and  control  of  it  are  still  inadequate,  which  has  led  to  allowing  the  ex¬ 
istence  of  the  disease  or  incomplete  detection  of  it. 

Scientific  research  work  on  tularemia  during  the  period 
under  analysis  has  been  conducted  in  approximately  the  same  institu¬ 
tions  as  during  the  previous  period,  mainly  along  the  same  lines. 

There  has  been  a  notable  intensification  of  research  work  at  the  tular-j 
emia  stations  (Voronezh,  Tula,  Stalingrad,  Omsk,  Pyatigorsk  and 
others).  As  a  summary  the  experience  of  study  of  the  effectiveness  of 
inoculations  against  tularemia  was  generalized  on  in  a  separate  collec 
tion  (N.  G.  Olsuf'yev,  V.  S.  Sil'chenko,  M,  F.  Shmuter,  Yu.  A.  My- 
jasnikov  and  others).  In  an  experiment  (Ye.  M.  Tsvetkova,  1951,  195$; 
jV.  D.  Olli,  1951;  Ye.  V.  Vlasova  and  coauthors,  1952  and  others) 

!  and  then  clinically  (G,  P.  Uglovoy,  1952;  R,  A,  Savel'yeva  and  G.  P. 
•Uglovoy,  1953)  the  data  of  foreign  authors  were  confiraod,  to  the  effect 
that  streptomycin  is  highly  effective  therapeutically  in  tularemia.  Lat+ 
er,  experimentally  the  lack  of  promise  of  using  biomycin  /aureomyciiy# 
terramycin  and  other  antibiotics  for  tularemia  was  also  clarified  (Ye.  I 
|M.  Tsvetkova,  1957;  S.  A,  Tsareva,  1959;  Ye,  M.  Tsvetkova,  1959). I 
Major  investigations  were  made  on  the  variation  of  tularemia  bacteria! 
(O.  S,  Yemel'yanova).  In  the. study  of  the  antigenic  structure  a  cap-  ' 
j  sular  antigen  (Vi)  was  found  in  the  virulent  cell  with  which  the  virulent} 
and  immunogenic  factors  were  associated  (N.  G.  Olsuf'yev  and  O.  S.  i 
Yemel'yanova,  1957).  Considerable  chemical  differences  were  estab^ 
lished  between  the  antigenic  substances  of  virulent  and  avirulent  tula  art 
emia  bacteria  (G.  K.  Shipitsina  and  0.  S,  Yemel'yanova,  1956). _ The] 
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valuable  propir'?c^  ft  vaccine  strain  Gayskiy  15  were  restored; 
this  had  lost  its  activity  somewhat  in  recent  years  as  the  result  o £  pro  ¬ 
longed  standing  in  a  museum.  A  new  vaccine  strain*  155,  was  obtained 
(O.  S.  Yemel'yanova,  1957).  A  study  was  made  of  the  cpizootological 
and  epidemiological  characteristics  of  the  natural  foci  of  tularemia  in 
the  Volga -Akhtubinsk  River  Valley  (N.  G.  Olsuf'yev,  V.  V.  Kucheruk, 
V.  P.  Borodin,  N.  I.  Makarov,  V.  G.  Petrov,  Ye.  I.  Sclyanin  and 
others),  the  Altay  foothills  (N.  G.  Olsuf'yev,  V.  V.  Kucheruk,  V.  G. 
Petrov,  G.  P.  Uglovoy  and  others)  and  the  steppe  region  of  the  pre- 
Caucasus  (V.  P.  Bozhenko  and  S.  F.  Shevchenko,  V.  V.  Kucheruk, 

T.  N.  Dunayeva,  V.  G.  Petrov  and  others).  A  study  was  made  of  the 
characteristics  of  tularemia  pathogenesis  in  more  than  50  species  of 
wild  animals,  and  a  basis  was  given  to  dividing  them  into  three  groups 
according  to  their  relation  to  the  infectious  disease  (T.  N.  Dunayeva, 

N.  G.  Olsuf'yev).  New  vectors  of  tularemia  from  the  group  of  ticks 
were  demonstrated  (V.  G.  Petrov,  Ya.  F.  Shatas  and  N.  A.  Bystrova; 
Ye.  N.  Nel'zina;  V.  P.  Bozhenko  and  S.  F.  Shevchenko)  and  methods 
of  controlling  them  were  tried  out  (V,  G.  Petrov).  Effective  methods 
of  control  of  the  water  rat  were  worked  out  (V.  V.  Kucheruk  and  co¬ 
authors).  Data  on  regional  epidemiology  of  tularemia  were  accumulat¬ 
ed  (for  Tula,  by  Yu,  A.  Myasnikov;  Stalingrad,  by  V.  P.  Borodin; 
Omsk,  by  O.  V.  Ravdonikas;  Voronezh,  V.  S.  Sil'chenko;  Minsk,  F. 
G.  Rubanova;  Armenia,  V.  N,  Zil'fyan  and  O.  V.  Avoasapyan  and 
others). 

This  is  the  far  from  complete  list  of  the  basic  results  of 
research  work  done  in  the  period  under  analysis.  We  should  like  to 
mention  that  after  going  from  Rostov  to  Minsk  (1949)  B.  Ya.  El'bert 
continued  to  be  interested  in  the  study  of  tularemia  and  particularly  in 
problems  of  vaccine  prophylaxis.  Under  his  supervision  two  candidate's 
dissertations  were  written  at  the  Smolensk  Institute  of  Epidemiology 
and  Microbiology  (A.  L.  Matskevich,  1952,  M.  M.  Kirvel,  1953), and 
at  the  Loyev  Rayon  Sanitary-Epidemiological  Station  one  candidate's 
dissertation  was  written  (1.  L.  Martinevskiy,  1954). 

At  the  end  of  1949  (31  October-!  November)  and  then  in  th  » 
middle  of  1951  (11-12  June)  on  the  initiative  of  Ye.  A.  Pronina  confer)* 
ences  were  convoked  at  the  Ministry  of  Health  RSFSR  for  the  study  of 
the  effectiveness  of  tularemia  inoculations.  At  the  beginning  of  1953 
(17-19  February)  and  in  the  middle  of  1955  (11-12  May)  at  the  same 
Ministry  another  conference  was  held  or.  tularemia, but  in  a  topical  re¬ 
spect  it  was  of  a  broader  category.  The  conferences  played  an  imporp 
tant  part  in  summarizing  scientific  research  and  practical  work  which 
had  been  done  and  in  defining  problems  for  the  future. 

Problems  of  the  study  of  the  natural  focalization  of  tular- 


emia  have  been  extensively  discussed  at  the  scientific  session  of  the 
1EM  imeni  Gamaleya  convoked  in  March  1954  in  honor  of  the  70th  birt  i- 
day  of  Academician  Ye.  N.  Pavlovskiy  as  well  as  at  the  10th  conference 
on  parasitological  problems  and  diseases  with  natural  foci  convoked 
j  in  October  1959  by  the  Institute  of  Zoology  of  the  Academy  of  Sciences 
i  USSR  and  the  IEM  imeni  Gamaleya.  A  valuable  summary  of  the  re¬ 
sults  of  the  30-year  study  of  tularemia  in  the  USSR  was  made  up  by 
V.  S.  Sil'chenko  (1957).  He  published  a  thorough  outline  on  the  his¬ 
tory  of  vaccination  against  tularemia  (V.  S.  Sil'chenko,  1955). 

We  should  like  to  dwell  briefly  on  problems  of  the  distribu,- 
tion  of  natural  foci  of  this  infectious  disease  on  the  territory  of  the  jj 
USSR  and  the  movement  of  the  tularemia  morbidity  over  the  period 
since  it  began  to  be  accurately  diagnosed,  that  is,  beginning  with  1926. 
As  has  been  mentioned  above,  during  the  period  1926-1928  tularemia 
was  found  almost  simultaneously  in  several  places  of  the  RSFSR  indul- 
ing  the  Volga  delta,  on  the  Oka  River  in  what  was  formerly  Ryazan¬ 
skaya  Guberniya,  on  the  Ural  River,  in  what  was  formerly  Orenburgs  • 
kaya  Guberniya,  on  the  Irtysh  and  Obi  within  limits  of  what  was  for¬ 
merly  Tobol'skiy  Okrug  and  in  Yakutiya.  After  two  years.  Southeast 
Kazakhstan  was  added  to  the  known  area  of  distribution  and  after  the 
next  five-six  years,  the  Ukraine,  North  Caucasus,  south  of  Moskov- 
skaya  Oblast,  etc,  were  added.  At  the  present  time,  natural  foci  of 
tularemia  have  been  demonstrated  on  the  territory  of  the  western 
boundaries  of  the  country  (Kola  Peninsula,  Karelia,  Estonia,  Latvia, 

|  Kaliningradslcaya  Oblast,  Belorussia,  Ukraine,  Moldavia)  and  in  the 
East  as  far  as  Yakutsk  and  Khabarovsk.  To  the  North,foci  of  tularem  • 
ia  are  found  in  places  as  far  as  the  Arctic  Circle;  in  the  South,  the 
area  of  distribution  includes  the  Crimea,  Transcaucasus,  Turkmenia 
and  South  Kazakhstan  (for  more  details  see  Chapter  V,page  173). 

|  The  following  question  arises:  was  the  expansion  of  the 

boundaries  of  tularemia  during  the  period  undor  analysis  the  result  of 
'  spread  of  the  infection  from  ono  oblast  to  another, or  was  it  simply  a 
!  matter  of  detection  of  foci  previously  in  existence?  Jusatz  (1952, 
j  1955)  believes  that  between  1920  and  1930  tularemia  spread  in  a  wave  • 

1  form  from  Siberia  to  the  European  part  of  the  USSR  and  then  broke  out 
in  countries  of  Western  Europe  (for  more  details  see  Chapter  II,  page 
48).  Jusatz's  viewpoint,  which  he  has  repeatedly  expressed  in  his  • 
articles  and,  unfortunately,  which  has  already  partially  penetrated  in-p 
I  to  the  literature  of  other  countries,  should  bo  considered  incorrect 
j  and  disorienting.  It  is  based  on  lack  of  knowledge  or  ignorance  of  the; 

|  factual  data  of  the  distribution  of  tularemia  in  the  USSR  and  in  the  J 
i  countries  of  Western  Europe.  As  has  been  mentioned  above,  descrip¬ 
tions  existing,  in  the.  Russian  £rej^yolutim#j^ 


the  ivth  aad  beginning  of  the  20th  centuries  leavts  uo  doubt  of  the  fact 
that  tularemia  was  widespread  on  the  territory  of  Russia  long  before 
it  was  learned  how  to  diagnose  it,  not  or.iy  in  Siberia  but  also  in  the 
European  part  of  the  country.  This  should  be  stated  also  with  respect 
to  Western  European  countries,  where  tularemia  has  been  known  at 
least  since  the  17th  century  (sec  Chapter  II,  page  43).  All  this  gives  i 
us  reason  to  believe  that  tularemia,  in  Europe  and  in  the  USSR  has  becajx 
widespread  since  ancient  times, and  the  detect.  ,n  of  its  foci  is  not  as¬ 
sociated  with  "invasion  waves"  from  one  territory  to  the  next  but  rath¬ 
er  with  a  diffusion  of  knowledge  about  this  disease  among  physicians, 
including  methods  of  accurate  diagnosis.  Incidentally,  we  should  like 
to  note  that  the  geography  of  natural  foci  of  tularemia  has  been  studiec 
at  present  in  *he  USSR  inadequately,  particularly  in  Eastern  Siberia, 
in  the  Far  East  and  in  Central  Asia.  There  are  also  considerable 
"blank  spots"  within  the  limits  of  the  European  portion  of  the  USSR 
which  require  appropriate  checking  on  the  subject  of  whether  tularem¬ 
ia  is  really  absent  there.  What  has  been  stated  does  not  exclude  the 
possible  pulsations  of  the  areas  of  distribution  of  various  natural  foci 
within  the  general  region  of  distribution  of  the  infection.  Such  chang¬ 
es  in  the  boundaries  of  the  foci  are  well  known,  but  their  scale  is  gen¬ 
erally  small  and  at  the  present  time  they  do  not  change  the  basic  geog¬ 
raphy  of  the  trdar  -.mia  pathogen. 

The  incidence  of  tularemia  among  people  has  undergone 
considerable  variations  by  years  in  the  USSR.  During  the  first  and 
second  periods  of  study  of  tularemia,  that  is,  from  1926  through  1941 
it  was  noted  only  in  a  small  number  of  oblasts  in  connection  with  the 
fact  that  its  diagnosis  was  available  to  only  a  limited  number  of  physi-- 
cians,  particularly  during  the  initial  period.  During  these  periods,  t 
undoubtedly,  many  cases  wore  missed,  although  in  various  years  (193^ 
1934,  1938,  1940)  they  assumed  the  nature  of  large  outbreaks.  The 
list  of  tularemia  outbreaks  noted  during  the  period  from  1926  through 
1942  has  recently  been  published  by  N.  V.  Nckipelov  (1959)*  Wo  dould 
like  to  note  that  compulsory  registration  of  tularemia  was  introduced 
over  the  entire  country  only  in  1941.  During  the  years  of  tho  Second  I 
World  War  the  number  of  cases  of  tularomia  increased  sharply  and  | 
continued  to  be  high  during  the  post-War  years  (Fig  1).  The  causes  < 
of  rise  in  the  morbidity  during  this  period  have  been  mentioned  above] 
During  the  War  years  andlater  clear-cut  three-year  variations  in  the! 
incidence  of  tularemia  associated  with  variations  in  the  census  of  { 
small  mouse-like  rodents  wore  noted,  from  which  during  tills  period  j 
the  main  mass  of  infections  of  people  occurred  in  the  European  part  ! 
of  the  USSR*  It  should  bo  noted  that  tho  true  incidence  of  tularemia  ! 
during  this  period  was  higher  than  has  been  established  by  official  i 
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statistics,  which  has  been  ciaritieu  as  the  result  of  special  studies  in 
Moskovskaya  (N.  G.  Olsuf'yev,  I.  N.  Mayskiy),  Tul'skaya  (Yu.  A. 
Myasnikov),  Stalingradskaya  (Y.  P.  Borodin)  and  other  oblasts  (see 
Chapter  VI). 
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•  Fig  1.  Movement  of  the  Incidence  of  Tularemia  in  People  in  the  USSR 
;  from  1941  through  1958.  The  1945  morbidity  rate  is  taken  as  100  per 

•  cent.  1.  Percentages;  2.  Vaccination  in  various  oblasts;  3.  Mass 
j  general  vaccination  and  other  measures;  4.  Second  World  War. 


j  Beginning  with  1950,  that  is,  in  the  last  of  the  periods  ! 

|  which  we  are  analysing,  the  incidence  of  tularemia  decreased  sharply' 

)  and  is  remaining  allow  figures.  This  reduction  is  the  result  of  ex- 
I  tensive  incorporation  of  vaccination  in  combination  with  othor  mens  - : 

(  ures.  Among  the  Zattor  is  the  improvement  in  the  quality  of  tillage  of! 

,  fields  and  in  gathering  the  harvest,  which  has  reduced  the  possibility  j 
j  of  mass  multiplication  of  small  mouse -like  rodents.  In  places,  indue  j* 
j  try  has  become  an  important  restraining  factor  on  tho  growth  of  the  ! 

:  water  rat  census, and  this  also  limits  the  spread  of  tularemia  episootj 
lice.„  Thfi.  c.opt  roL  oL  tick*  .heiog^efijadpstte  <iin  Ajuunhex-of iwaytuand  ..J 
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obla.t»l«  also  contributes  to  sanitization  of 

ease. 

Conclusion 


As  is  seen  from  this  brief  historical  outline,  many  scien¬ 
tists  have  taken  up  the  study  of  tularemia  in  the  USSR,  which  is  in  ac- 
cordrnce  with  the  importance  oi  the  problem.  Even  though  in  the  Sov-| 
iet  Union  tularemia  was  found  later  than,  for  example,  in  the  United 
States,  Soviet  investigators  undoubtedly  have  priority  in  world  science! 
with  regard  to  many  divisions  of  the  study  of  this  disease.  Specifically, 
successful  vaccine  prophylaxis  of  tularemia  has  been  developed  entire 
by  Soviet  scientists.  In  the  USSR  ?t  the  present  time  1300  scientific 
j  works  have  been  published  on  tularc.uia;  11  doctoral  and  about  60  can- 


didates  *  dissertations  have  been  produced  and  defended. 

"The  Soviet  Union  should  and  will  be  the  first  country  in  thje 
world  to  eliminate  this  infectious  disease  on  its  territory.  With  the 
possibilities  which  we  have  this  problem  is  within  our  power  ,and  confij* 
dence  in  victory  will  assist  us  in  working  it  out  successfully"  --  this  ip 
what  a  noted  enthusiast  in  the  study  of  this  infectious  disease  and  one 
of  its  discoverers  in  the  Soviet  Union,  Alevtina  Aleksandrovna  Vol*- 
ferts,  wrote  in  1935  in  her  review  on  tularemia. 

During  the  25  years  vtitibhave  passed  since  that  time  medi  j 
cal  workers  of  the  Soviet  Union,  combining  the  achievements  of  scioncje 
|  and  practice,  have  attained  grea*.  results  in  the  field  of  the  control  of 
|  tularemia,  markedly  reducing  its  incidence  among  people.  It  is  to  be 
j  hoped  that  in  the  next  few  years  they  will  make  even  greater  progress. 
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Experimental  Tularemia  in  Laboratory  Animals 
General  Comments 


Guinea  pigs,  white  mice  and  recently  white  rats  have  been 
used  extensively  in  laboratory  experiments  as  models  for  solving  vari¬ 
ous  problems  of  the  pathogenesis,  immunity,  therapy,  epizootolcgy 
and  other  branches  of  the  study  of  tularemia.  White  mice  and  partly 
guinea  pigs  are  used  all  the  time  for  biological  testing  with  the  aim  of 
detecting  the  pathogens  of  this  infectious  disease  in  objects  under  in* 
vestigation  (the  organs  of  wild  animals,  blood* sucking  arthropods, 
pathological  material  from  sick  people,  etc. ).  Finally,  rabbits  are  j 
often  used  for  Immunological  experiments  as  well  as  for  obtaining  ag-j 
glutinating  sera.  All  this  justifies  putting  the  data  on  experimental 
tularemia  in  laboratory  animals  into  a  special  chapter,  particularly 
since  many  problems  of  a  general  and  specific  nature  being  presented 
in  the  subsequent  chapters  can  be  discussed  satisfactorily  only  with  ccn- 
side ration  of  the  results  of  experimental  studies. 

Abroad,  McCoy,  Francis  and  Downs,  and  in  the  USSR  G. 

Ya.  Sinay,  L.  M,  Khatenever,  B.  Ya.  El’bert  and  N.  A.  Gayskiy,  1. 

S.  Tinker  and  M«  S.  Droshevkina,  A.  V.  Mashkov  and  A.  F.  Tamenk » 

!  and  others  have  taken  up  the  comparative  study  of  experimental  tular- 
1  eraia  in  laboratory  animals.  The  data  of  these  investigations  have 
!  played  an  important  part  in  evaluating  the  main  characteristics  of 
i  tularemia  in  various  laboratory  animals. 

!  It  is  important  to  emphasise  in  principle  that  for  the  pur* 

<  pose  of  elucidating  the  rules  and  regulations  inherent  in  the  natural  in  • 
i  fecticua  disease  only  epidemic  or  focal  strains  which  are  complete  wi  h 
•  respect  to  virulonce  and  which  have  not  been  involved  by  attenuation 
during  their  preservation  under  laboratory  conditions  should  be  used 
experimentally  for  the  reproduction  of  tularemia.  Another  important 
■  condition  is  accurato  dosaging  of  the  pathogen  and  use  of  relatively 
small  quantities  of  bacteria  under  standard  conditions  or  conditions  j 
close  to  the  natural  in  administering  them  for  the  infection.  The  use 
of  increased  doses  distorts  ths  development  of  the  infectious  process  * 
and  is  permissible  only  in  special  experiments  when  there  is  a  need  for 
|  such  doses.  Finally,  appropriate  attention  should  be  paid  to  the  qualij- 
j  ty  of  experimental  animals  as  well  as  to  the  conditions  under  which  they 
,  are  kept  (housing,  feeding,  r rounding  temperature,  etc.).  J 

L.,  ...  ,  JEml aatiif y .tbe  xcquiicmRuto — , 
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listed,  which  limits  the  possibility  of  using  them.  la  writing  this  Chap¬ 
ter  we  used  as  a  basis  chiefly  materials  obtained  in  recent  years  by 
us  and  co-workers  in  our  laboratory  by  way  of  a  fundamental  revision 
of  the  problem.  These  investigations  mainly  were  accomplished  with 
the  use  of  strains  503  or  9  which  were  passaged  through  animals  for 
the  purpose  of  preserving  their  original  virulence;  the  first  strain* 
through  guinea  pigs;  the  second,  through  white  mice  (for  more  details 
about  these  strains  see  Chapter  HI).  In  the  experiments  a  culture  was 
used  which  was  isolated  from  a  routine  passage. 

In  the  first  stages  of  study  of  tularemia  in  laboratory  ani-  ■ 
mals  by  different  authors  attention  was  directed  to  the  fact  that  this  in  • 
fection  in  various  species  of  animals  proceeds  differently.  For  exam¬ 
ple,  white  mice  and  guinea  pigs,  when  injected  with  minimum  doses  os 
the  pathogen,  become  acutely  sick  and  die.  On  the  other  hand,  white 
!  rats  and  rabbits  show  a  definite  resistance  to  tularemia,  and  a  fatal 
|  outcome  of  the  disease  in  them  is  observed  only  after  the  injection  of 
|  massive  doses  of  the  pathogen.  Various  authors  have  considered  thes  » 
j  differences  different  degrees  of  "susceptibility"  or  "resistance"  of 
I  these  animals  to  infectious  disease.  The  investigations  discussed  be¬ 
low  showed,  however,  that  such  animals  as  white  mice  and  white  rats 
can  be  infected  with  practically  the  same  minimum  doses  of  the  patho¬ 
gen  although  the  subsequent  clinical  course  of  the  disease  and  its  out- 
{  come  in  these  species  of  animals  are  absolutely  different.  Hence,  the 
j  need  arose,  as  applied  to  problems  of  studying  tularemia,  of  clarify  - 
j  ing  the  concept  of  susceptibility  to  infection,  considering  "infcctibility  " 

|  a  synonym  of  it,  whereas  tho  reactivity  of  the  animal  to  infection  was 
I  considered  better  designated  by  the  term  "infectious  sensitivity"  (N.  J 
G.  Olsuf'yev  and  coauthors,  1950).  Essentially,  susceptibility  and  in* 

!  fcctious  sensitivity  of  tho  animal  are  projections  of  tho  properties  of  j 
the  pathogen  in  the  organism  —  of  its  invasive  power  and  pathogenicity. 
Conversely;  invasive  power  and  pathogenicity  do  not  represent  any  j 
!  abstract  properties  of  the  microbo  but  rather  are  expressed  in  a  spec* 

|  if ic  relation  of  the  macroorganism,  its  susceptibility  and  infectious  j 
1  sensitivity  to  it.  Correspondingly,  the  immunixatory  properties  of  ! 

•  tho  microbe  find  their  reflection  In  the  immunisabiUty  (P.  F.  Zdrodovf- 
|  skiy)  or  immunogenic  reactivity  (Sh.  D.  Moshkovskiy)  of  tho  macro-  j 
[organism.  The  very  evident  interdependency  of  these  properties  of  j 
j  the  macro-  and  microorganisms  can  be  represented  in  the  following  . 
graphic  schema  (Sh.  D.  Moshkovskiy  (1948)  proposed  a  similar  schema 
!  but  with  somewhat  different  terminology;  invasivenees  ---  resistance; 

!  noxiousness  —  resistance;  imrr.unogcricity  —  immunogenic  reactiv¬ 
ity):  ! 
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Properties  of  the  Microbe 


Properties  of  the  Animal  Organ* 
ism 


Invasiveness 

Pathogenicity 

Immunogenicity 


Susceptibility 
Infectious  Sensitivity 
Immunizability 


(We  have  in  mind  the  ability  of  the  organism  to  be  immunized  by  anti* 
gens  of  the  microbe.  This  property  of  the  macroorganism  is  also 
called  "immunologic  reactivity"*  bu;  because  various  authors  ascribe 
different  significance  to  this  term  we  are  refraining  from  using  it  in 
this  case). 

The  degree  of  susceptibility  to  infection  of  one  type  of  ani- 
mal  or  another  is  determined  by  the  lowest  infective  dose  of  the  patho¬ 
gen  (MID)  for  it,  without  relation  to  the  outcome  of  the  disease.  The 
degree  of  infectious  sensitivity  was  conveniently  characterized  by  the 
lowest  dose  causing  death  of  all  the  infected  animals  (MLCD)  in  tular- 
i  emia.  Naturally,  in  other  infectious  diseases  ths  criteria  of  infectious 
I  sensitivity  may  be  different.  Finally,  the  degree  of  immunizability  of 

I  the  organism  may  be  determined  by  the  lowest  dose  of  the  antigenic 
substances  of  the  pathogen  conferring  immunity  of  adequate  strength 
i  to  the  infection  (with  consideration  of  the  weight  of  the  macroorganisnr 
]  The  characteristics  of  warm-blooded  animals  with  respec 

i  to  their  susceptibility,  infectious  sensitivity  and  imr  unizability  to  tu- 
!  laremia  were  fruitful  for  the  study  of  problems  of  epizootology,  im- 
|  munology  and  other  branches  of  the  study  of  this  infection.  In  animali 
'  with  different  degrees  of  infectious  sensitivity  differences  in  the  naturfe 
j  of  tuUremU  are  manifested  not  only  in  the  outcome  (death  in  highly 
\  sensitive  animals  and  recovery  in  the  slightly  sensitive  specie-}  but 
aUo  in  the  intensity  of  multiplication  of  bacteria  in  the  organs  at  dif¬ 
ferent  stages  of  development  of  the  infection. 

For  the  purpose  of  studying  the  quantitative  aspect  of  bac¬ 
teriology  of  the  infection  recently  various  authors  (Larson,  1945; 
Downs  and  coauthors,  1949;  A.  Y.  Mashkov,  1952;  as  well  as  our 
|  Uboratory  (V.  G.  Petrov  end  N.  G*  OUuf'yev,  1953);  T.  N.  Duneyevi, 
]  R,  A.  Savcl'yeva)  have  been  using  the  '  titration"  method  of  a  suspen-j 
j  sion  of  organs  and  tissues  of  investigated  animals  on  white  mice.  It  j 
consists  of  the  fact  that  pieces  of  the  organ  or  tissues  being  invest!- 
!  gated  are  carefully  ground  up  in  a  mortar  after  being  put  into  suspen¬ 
sion,  physiological  saline  solution  is  added  in  a  proportion  of  liS,  furl 
'  ther  dilutions  are  made  of  10,  100,  1,000,  etc.  times  and  these  lattes 
•  art  subcutaneously  in  doses  of  0.  S  ee  into  white  mico,.  tuning 
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three  mice  for  each  dilution  (Fig  1C).  The  final  dilution  causing  death 
of  all  three  experimental  mice  from  tularemia  indicates  the  number  of 
complete  lethal  mouse  doses  (that  is,  the  MLCD)  in  one  gram  of  the  02 
gan  being  investigated.  In  the  conversion  for  the  number  of  bacteria 
one  uses  as  a  basis  the  fact  that  in  the  case  of  mice  one  lowest  com¬ 
plete  lethal  dose  (MLCD)  of  the  virulent  strain  corresponds  to  one  mi¬ 
crobe  by  the  GK1  £State  Scientific  Control  Institute^  bacterial  standard 
This  method  proved  to  be  simple  in  its  application  and  quite  accurate. 
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Fig  10.  Experiment  in  Titration  of  the  Spleen  and  Blood  of  a  Vole  wit!) 
Tularemia  on  White  Mice  with  the  Aim  of  Detc  rmining  the  Number  of 
Tularemia  Bacteria  in  One  Cram  of  Tissue.  The  blacl:  circles  show 
mice  which  died  of  tularemia;  the  white  circles,  the  surviving  mice. 
Each  circle  corresponds  to  one  animal.  The  broken  horizontal  lines 
represent  the  maximum  dilutions  of  the  suspension  obtained  from  caU 
culation  of  the  number  of  bacteria  per  gram  of  tissue.  1.  Fraction  of  j 
one  gram  of  tissue  injected  into  white  mice;  2.  1/100,000,000, 000th; 
3.  1/1, 000, 000, 000th;  4.  1/10,000, 000th;  5.  1/100, 000th;  6.  Spleen; 
7.  Blood;  8.  Day  of  disease. 


,  For  tho  purpose  of  determining  the  number  of  tularemia  I 

|  bacteria  in  animal  organs  the  method  of  culturing  dilutions  of  the  bus- 
i  pensions  on  dishes  containing  glucose -cystine -blood  agar  was  also 
i  used  (Downs  and  coauthors,  1947;  Mopla,  1953).  According  to  our  data, 
the  results  obtained  from  the  use  of  cultures  of  suspensions  on  petri  ; 
i  dishes  containing  blood  media  are  almost  the  same  as  toe  results  of  ; 

•  titration  on  white  mice  (T*  N.  Punayeva),  j 

)  In  the  present  Chapter  only  data  on  tho  relations  occurring 

in  the  bodies  of  laboratory  animals  nf.cr  toe  effect  of  virulent  > trains  1 
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o£  tularemia  bacteria  on  it  nave  been  included.  The  ccrreapoTi<f*ir'»  rcl- 
lations,  occurring  from  the  injection  of  attenuated  (vaccine)  strains  of 
tularemia  bacteria  into  the  body  of  a  warm-blooded  animal,  will  be 
analyzed  in  Chapter  IX.  Presenting  various  data  from  the  literature 
on  experimental  tularemia  in  laboratory  animals  we,  with  very  minor 
exceptions,  shall  overlook  the  American  data  because  of  the  consider¬ 
ably  greater  virulence  of  American  strains  by  comparison  with  Soviet 
strains  and,  therefore,  the  incomparability  of  a  number  of  experiments. 
American  strains  are  also  virulent  for  domestic  rabbits,  for  white 
mice  and  guinea  pigs  and  are  definitely  more  virulent  than  Soviet  strains 
for  white  rats  (see  Chapter  III). 

Experimental  Tularemia  in  Gainea  Pigs 
\  \ 

A  high  degree  of  susceptibility  and  infectious  sensitivity  tc 
tularemia,  availability  for  clinical  observations  during  the  period  of 
disease,  the  demonstrativeness  of  pathological  changes  at  autopsy,  the 
convenience  of  laboratory  mainter  mce,  etc.,  characterize  the  guinea 
pig  as  an  exceptionally  convenient  model  for  studying  tularemia  experi¬ 
mentally.  In  guinea  pigs  tularemia  occurs  like  an  acute  infection  end¬ 
ing,  as  a  rule,  in  the  death  of  the  animal.  The  guinea  pig  can  be  in¬ 
fected  by  any  method  of  the  group  of  those  usxially  used  in  laboratory 
practice.  However,  with  different  methods  of  administration  of  the 
tularemia  bacteria  into  the  guinea  pigs  the  least  infective  dose  differs , 
j  and  the  development  of  the  infectious  process  has  its  own  characteris  j. 
j  tic  features.  By  comparison  with  other  species  of  laboratory  ani-  j 
J  mals  experimental  tularemia  in  guinea  pigs  has  been  most  fully  studiejd 
j  at  present. 

!  The  Characteristics  of  Tularemia  after  Subcutaneous  and 

i  Intrade rmal  Infection.  The  Susceptibility  and  Infectious  Sensitivity, 
j  In  the  case  of  subcutaneous  infection  with  strains  which  have  their  cori- 
!  plete  virulence  the  least  complete  infective  (MID)  and ndniKum full  lethal 
|  dose  (MLCD)  coincide,  amounting  to  one  microbe  (10“^)  according  to 
j  the  GKI  optical  standard.  Death  of  the  guinea  pigs  froir  this  dose 
j  usually  occurs  eight- II  days  after  infection,  rarely  later.  A  dose  of 
j  0. 1  microbe  (10"™)  is  responsible  for  the  infection  and  death  of  guin- 
j  ea  pigs  only  in  a  few  cases  and  usually  in  the  period  from  the  11th  to 
j  the  13th  day.  Guinea  pigs  are  almost  as  susceptible  to  intradermal 
;  infection  as  to  subcutaneous,  From  a  dose  of  one  microbe  death  of  ! 

|  guinea  pigs  is  usually  observed  after  10-13  cays.  However,  after  thi£ 
j  dose  sometimes  the  guinea  pigs  survive  and  they  prove  to  be  uninfected, 
j  which  apparently  depends  on  the  poorer  survival  of  bacteria  by  this 
method. 
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Rare  cases  are  known  where  guinea  pig3  recovered  from 
the  intradermal  injection  oJC  one  or  even  10  microbes  of  a  fully  virulen^ 
strain.  An  analysis  of  these  cases  shows  that  the  animals  subjected 
i  to  infection  had  an  altered  immunological  state  either  because  of  a  pre! 
j  limiuary  injection  of  tulaxin  (for  the  purpose  of  checking  the  skin  allerj- 
gic  reactivity)  or  because  of  an.  intercurrent  disease  which  inc_ eased 
the  natural  defensive  forces  of  the  body.  With  increase  in  the  infectivfe 
dose  the  survival  time  of  the  guinea  pig  is  shortened,  which  is  shown 
even  after  doses  of  one,  10  and  100  microbes,  if  we  calculate  the  aver¬ 
age  figures,  but  differences  are  particularly  great  after  tire  use  of 
larger  doses,  for  example,  after  subcutaneous  or  intradermal  injec¬ 
tion  of  100,000,000  or  1,000,000,000  microbes  the  guinea  pigs  die  af-J 
ter  three  or  even  two-and-a-half  days  (Table  10). 
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Table  10 

Survival  Time  of  Guinea  Pigs  from  Tularemia  after  Subcutaneous  and 
Intradermal  Injections  of  Different  Doses  of  a  Virulent  Strain  (No  503) 
of  Tularemia  Bacteria  (after  T.  N.  Dunayeva  ardO.S.Yemel'yanova) 
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1,  Infective  dose  (microbes);  Z.  Subcutaneously;  3.  Intradermally; 

'  4.  Guinea  pigs  infected;  5.  Died  of  tularemia;  6.  Average  survival 
time  (days);  7,  Variations  in  the  time  of  death  (days);  8.  100,000,00 
9.  1,000,000,000;  10,  Experiments  not  performed. 
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I  The  initial  stages  of  attenuation  of  the  strains  when  kept 

j  in  a  museum  quite  rapidly  have  an  influence  on  the  virulence  of  the  ba!c 
•  teria  for  guinea  pigs  and  a  dose  of  one  microbe  and  then  10  microbes  | 
i^no  longer  produces  a  fatal  result  in  the  guinea  pigs  (see  Chapter  HI),  j 
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Clinical  Aspect.  Elevation  of  the  body  temperature  in  guinj- 
ea  pigs  serves  as  one  o£  the  main  clinical  symptoms  characterizing 
development  of  the  disease.  Time  of  the  occurrence  of  the  tempera¬ 
ture  reaction  is  closely  related  to  the  size  of  the  infective  dose  and  th^ 
method  of  infection.  In  our  experiments,  after  intradermal  infection 
with  a  dose  of  one  microbe,  the  temperature  elevation  (above  39.  5°)  id 
guinea  pigs  was  noted  after  four  or  five  days,  and  after  infection  with 
a  dose  of  10  microbes,  after  three  or  three -and-a-half  days.  With  in*{ 
crease  of  the  dose  the  temperature  reaction  appears  more  rapidly. 

Thus,  for  example,  after  intradermal  or  subcutaneous  injection  of  a 
dose  of  100,000,000  microbes  the  temperature  in  the  guinea  pigs  in¬ 
creases  after  five-seven  hours,  and  in  some  cases,  after  three-four 
|  hours;  with  a  dose  of  1,000,000,000  microbes  the  temperature  eleva¬ 
tion  occurred  after  three -fo.'r  hours  and  in  a  few  cases  four-five  hours 
or  after  two  hours,  and  with  increase  of  the  dose  to  10,000,000,000 
microbes  the  guinea  pigs  began  to  have  fever  after  three  hours;  at  this 
time,  the  body  temperature  was  higher  than  40°  in  the  majority  of  ani¬ 
mals. 

At  the  site  of  intradermal  injection  of  the  bacteria  the  oc- 
5  currence  of  a  limited  area  of  redness  and  slight  edema  of  the  skin  are 
j  characteristic.  With  minimum  infective  doses  (one-10  microbes)  theeje 
changes  can  appear  one-two  days  before  the  rise  in  the  body  tempera- 
Jture.  A  local  focus  of  inflammation,  gradually  enlarging,  is  converted 
j  into  a  readily  noticeable  papule  and  then  into  a  pustule,  in  the  center 
!  of  which  tissue  necrotization  occurs,  and  in  long  drawn-out  cases  of 
j  the  disease  --  ulceration.  In  the  case  of  subcutaneous  infection  in  the 
j  area  of  injection  of  the  bacterial  suspension  edema  of  the  tissues  ap- 
i  pears  which  increases  with  the  development  of  the  disease  and  is  readjl- 
I  ly  found  on  palpation.  In  the  region  of  the  injection  site  (intradermal 
;  or  subcutaneous)  an  enlargement  of  the  lymph  nodes  is  noted  to  the 
1  size  of  a  pea,  bean,  or  even  walnut,  as  well  as  edema  of  the  surroundj- 
!  ing  tissue.  The  bubo  which  develops  here  is  readily  found  on  palpation, 
1  whereby  the  sick  guinea  pig  reacts  markedly  when  it  is  touched,  whiclj 
j  indicates  the  tenderness  of  the  bubo. 

The  temperature  usually  remains  high  and  is  relatively 
constant  for  several  days,  frequently  reaches  41°  at  the  height  of  the  j 
fever;  then,  it  falls  by  crisis  or  lysis, and  its  fall  below  normal  tem-  1 
perature  indicates  the  onset  of  the  agonal  period.  At  this  time  the  ; 

,  guinea  pigs  lose  considerable  weight,  become  sluggish,  refuse  food, 

|  their  fur  is  ruffled,  their  eyes  are  closed,  and  their  lids  are  inflamed. 

|  Gravid  guinea  pigs  can  abort  at  this  time.  The  agonal  period  usually 
;  begins  the  day  before  death.  In  cases  where  the  guinea  pigs  recover, 

!  which  happens  when^ theyare  _infe cte d  with  minimum  closes  of  museum] 


0 


35 


7061 


(partially  attenuated)  strains,  the  recovery  ur«±gu  on  to  a  month  or  me 
Usually,  the  regional  lymphadenitis  is  concluded  with  a  purulent  de¬ 
struction  of  the  most  affected  lymph  nodes  and  the  excretion  of  pus 
through  the  fistula  formed  in  the  skin,  after  which  a  slow  resorption 
of  the  bubo  occurs  with  cicatrization  of  the  injured  tissue.  The  tem- 
|  perature  comes  to  normal  only  gradually;  recovery  of  the  weight  also 
j  proceeds  slowly. 

Pathology.  On  autopsy  of  the  guinea  pigs  which  died  of  tu¬ 
laremia  typical  changes  are  found  which  consist  of  a  lymphadenitis  and 
periadenitis,  focal  necrotization  of  the  splenic  tissue,  of  the  liver,  re¬ 
gional  lymph  nodes,  partly  of  the  lungs  and  other  organs  against  the 
background  of  a  general  picture  of  septicemia.  Pathological  changes 
in  tularemia  in  guinea  pigs  are  characterized  by  marked  vascular  dis- 
;  orders  as  well  as  signs  of  exudation  and  proliferation  (P.  P.  Dvizhkov, 
j  1930;  S.  V.  Kagramanov,  1943;  A.  V.  Mashkov,  1952).  Prolifera- 
J  tive  changes  have  the  nature  of  specific  granulomas  which  have  much 
j  in  common  with  tubercles  from  tuberculosis.  The  granulomas  consist 
j  of  epithelioid  and  lymphoid  cells  with  an  admixture  of  polymorphonu- 
j  clear  leucocytes  and  histiocytes  (Fig  11,  A).  Beginning  with  the  cen- 
I  ter,  the  granulomas  become  necrotic,  and  in  the  case  of  a  far-advanced 
focus  extensive  areas  of  necrosis  are  formed  in  the  focus  of  inflamma.- 
tion  (Fig  11,  B), 

With  intradermal  infection,  edema  of  the  tissues  with  a  fo¬ 
cus  of  necrosis  in  the  center  surrounded  by  an  area  of  hyperemia  is 
noted  in  the  affected  area  of  skin  macroscopically,  whereas  microsco^>- 
|  ically  exudative  inflammation  and  an  active  granulomatous  process  are 
j  found  accompanied  by  extensive  areas  of  necrosis.  The  regional  lymph 
jnode  (or  group  of  nodes)  is  markedly  enlarged,  thickened,  and  on  sec-j 
ition  its  central  part  is  necrotic,  frequently  in  a  state  of  caseous  degeni- 
jeration;  if  death  occurs  in  later  periods  the  lymph  node  is  converted  j 
i  into  pus . 

j  In  the  case  of  the  subcutaneous  infection  of  the  hind  leg 

5  usually  practiced,  a  dense  infiltrate  with  foci  of  necrosis  and  hemor- 
j  rhages  adherent  to  markedly  enlarged  and  pathological  lymph  nodes  is 
!  found  in  the  inguinal  area  on  the  side  on  which  the  material  was  inject-^ 
j  ed.  The  retroperitoneal  (lumbar)  lymph  node  regional  to  the  site  of  inj- 
jfection  is  also  markedly  enlarged  (to  the  size  of  a  pea),  thickened  and! 

I  necrotic  to  various  degrees,  Various  degrees  of  enlargement  of  dis-  j 
tant  lymph  nodes  are  also  noted,  usually  more  pronounced  on  the  side  | 

| of  the  body  on  which  the  infection  was  produced.  In  these  cases  the  j 
'lymph  nodes  are  thickened,  congested,  but  usually  without  any  macro¬ 
's  copically  noticeable  tissue  necrosis.  Histologically,  in  those  nodes 
'hyperplasia  of  the  tissue  is  f o vm d ,  u sj ually without : jany, st r uctuxa-1. dis^ j 
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Fig  11*  Histopathologic  Changes  of  Tissues  in  the  Guinea  Pig  in  Tulai* 
!  emia*  &00x  magnification.  Photo  from  preparations  by  A.  P,  Gindin, 
j  a.  Center  of  fresh  tularemia  granuloma  in  lymph  nodejmacrophages  (M) 

|  epithelioid  cells  (3)  and  neutrophilic  leucocytes  (H)  are  seen;  b.  TulaH 
^remic  gr^n\4omji.in  the_stage.at.t)fi.cjr9ti.Zfitlon.mJ:lve.splcnj.a.tias.uc;  ini 
tne  center  thore  is  an  intact  blood  vessel  with  proiifeuating  a&aidtial  cells  (A) 
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order.  The  blood  vessels  01  the  subcutaneous  tissue,  including  the  j 
smallest,  arc  usually  congested.  The  spleen  is  enlarged  several  timep, 
thickened,  raspberry-  or  cherry-colored,  frequently  tears  easily  un¬ 
der  the  forceps,  and  is  solidly  permeated  by  numerous,  v/cll-outlined 
whitish  or  grayish  necrotic  nodules  usually  the  size  of  a  millet  grain 
or  semolina.  The  liver  is  markedly  enlarged,  thickened,  usually  has 
a  clay  color,  is  also  permeated  by  numerous  necrotic  nodules,  and  in 
various  cases  these  become  confluent  into  quite  large  areas  of  necrosijs 
of  irregular  shape.  The  suprarenal  glands  are  markedly  enlarged, 
hyperemic  to  varying  degrees  or  contain  hemorrhages.  The  lungs  frej-- 
quently  are  hyperemic  to  varying  degrees  with  isolated  necrotic  nodultjs 
measuring  the  size  of  a  millet  grain  or  smaller.  The  small  intestinal 
•walls  frequently  are  thinned  out  for  different  distances;  an  orange- 
j  yellow  or  bloody  content  is  seen  through  them.  In  a  number  of  cases 
;the  kidneys  are  anemic.  Congestion  of  the  blood  vessels  of  the  mesen 
tery  and  brain  is  noted.  In  case  of  short  lifespans  of  the  guinea  pigs 
(two-four  days)  caused  by  injection  of  massive  doses  of  the  pathogen 
the  spleen  and  the  liver  are  comparatively  little  enlarged,  without  no¬ 
ticeable  macroscopic  necrotic  nodules  but  are  markedly  thickened;  the] 
regional  lymph  nodes  are  not  much  enlarged  either  but  are  partially 
necrotic.  The  marked  hyperemia  of  blood  vessels  of  the  subcutaneous; 
tissue  and  suprarenal  glands  attracts  attention.  In  the  case  of  a  chronj 
ic  course  of  the  disease  the  pathological  changes  and,  particularly, 

!  necrotization  of  affected  tissues  is  maximally  expressed.  For  exam- 
|ple,  the  spleen  can  be  enlarged  four-five  or  more  times;  necrotic  no4- 
j  ules  in  it  reach  the  size  of  a  buckwheat  grain,  etc. 

!  Pathogenesis  and  Microbiological  Diagnosis.  I.  S.  Tinker] 

jandM.  S,  Drozhevkina  (1948),  I.  N,  Mayskiy  (1949*  1953),  A.  V.  ] 

1  Mashkov  (1952),  A.  G.  Kratinov  and  coauthors  (1946)  and  others,  andj 
J  recently  workers  in  our  laboratory  (T.  N.  Dunayeva  and  R.  A,  Savel'^ 
i  yeva)  have  taken  up  the  study  of  the  pathogenesis  of  tularemia  in  guinea 
!  pigs  chiefly  by  the  subcutaneous  method  of  injecting  the  bacteria.  Ihesi 
studies  are  of  great  importance  for  understanding  pathological  process¬ 
es  occurring  in  the  body  of  the  person  sick  with  tularemia,  despite  the! 

I  dissimilarity  of  the  degree  of  sensitivity  to  this  infection  between  the  1 
human  and  guinea  pig  organism,  j 

,  The  spread  of  tularemia  bacteria  in  the  guinea  pig  organ-  ; 

i  ism  as  well  as  the  response  morphologic  changes  of  tissues  arc  cluci-i 
dated  by  means  of  serial  dissections.  By  means  of  such  a  sensitive 
*  method  as  the  biological  test  on  white  mice  it  is  possible  to  show  oven 
j  single  bacteria  in  an  investigated  piece  of  organ.  Cultures  on  coagulat- 
j  cd  egg  yolk  medium  and  microscopy  of  smear-impressions  from  or-  j 
ijjans  also  find  application,  although  they  are  considerably  pooror  thanj 
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the  results  of  the  biologic  method  (see  below).  The  method  of  titratio:! 
of  investigated  organs  permits  the  quite  satisfactory  determination  of 
the  number  of  bacteria  per  gram  of  tissue. 

In  the  guinea  pig  the  infectious  process  in  tularemia,  just 
as  in  some  other  diseases  with  a  similar*  pathogenesis,  can  be  divided) 
into  the  following  phases:  I  --  adaptation;  II  —  regional  infection; 

III  --  hematogenous  dissemination  and  focal  spread  of  the  infection 
(we  have  in  mind  a  localized  spread  of  the  pathogen  through  tire  organs 
and  tissues);  IV  --  septicemia.  The  last  two  phases  represent  differ¬ 
ent  stages  of  development  of  generalized  infection.  In  case  of  a  favor 
able  outcome  of  the  disease  (which  can  be  observed  after  infection  with 
small  doses  of  partially  attenuated  strains)  the  pitas e  of  hematogenous 
dissemination  (focal  spread)  is  replaced  by  a  phase  of  extinction  of  the 
infection  (IVa). 

The  initial  stages  of  multiplication  of  tularemia  bacteria 
occur  in  the  tissue  at  the  site  of  their  injection,  and  here  the  initial  inp 
flammatory  changes  arise. 

T.  A.  Kalitina  and  A.  P.  Gindin  found  a  well-expressed  in  ¬ 
flammatory  reaction  in  the  form  of  accumulation  of  polymorphonuclear 
leukocytes,  partial  degeneration  of  them,  dilatation  and  congestion  of 
blood  vessels  with  erythrocytes  and  the  occurrence  of  histiocyte  pro¬ 
liferation  around  the  blood  vessels  in  the  dermis  and  fatty  tissue  unde  r 
it  at  the  injection  site  of  a  bacterial  suspension.  At  this  time  the  skin 
at  the  injection  site  of  the  bacteria  remained  macros copically  unchanged, 
j  In  subsequent  days  histopathological  changes  at  the  site  of  bacterial 
•  injection  rapidly  increased  and  as  early  as  after  four  days  the  forma- 
I  tion  of  granulomas  was  noted  from  epithelioid  and  other  cells  (see  T.  ■ 
|a.  Kalitina,  1953,  1956). 

Experiments  with  intradermal  or  subcutaneous  infection  oj 
i  guinea  pigs  showed  in  all  evidence  that  only  after  the  initial  stages  of 
j  multiplication  at  the  site  of  incorporation  are  the  tularemia  bacteria 
!  carried  to  the  regional  lymph  node  (o**  group  of  elosely  arranged  lym^x 
I  nodes)  along  the  lymphatics  and  here  thoy  continue  to  multiply,  also 
I  producing  specific  inflammation  (I.  S.  Tinker  and  M.  S.  Drozhovkina;! 

;  Z.  D.  Khalchina;  N.  G.  Olsufyev  and  T.  N,  Dunayeva;  R.  A.  Savcl1- 
;  yeva  and  G.  P.  Uglovoy  and  others). 

According  to  our  data  (N.  G.  Olsuf'yev  and  T.  N.  Duna¬ 
yeva),  after  the  intradermal  injection  of  a  dose  of  one  or  10  microbes! 
of  a  fully  virulent  strain  into  guinea  pigs  the  adaptation  phase  lasts  j 
j  from  two  to  three  days,  whereb/  the  bacteria  can  be  found  regularly  J 
1  (by  the  biological  test  method)  in  the  skin  only  after  24  hours;  prior  tp 
'  this  only  a  few  examinations  are  positive.  The  phase  of  regional  in¬ 
fection  last**,.  on  the  average, ,  about  24  hours,  who  refry  in  thc^aso  of 
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infection  in  the  area  of  the  hind  leg  findings  of  bacteria  arc  limited  to 
the  lymph  nodes  regional  to  the  site  of  infection,  whereas  in  the  retro • 
peritoneal  lymph  nodes  bacteria  are  not  found,  as  a  rule,  at  this  time. 

In  total,  with  these  minimum  doses  of  infection  mentioned  above,  the 
adaptation  and  regional  infection  phases  last  from  three  to  four  days, 
and  during  this  entire  period  the  body  temperature  remains  normal, and 
weight  remains  the  same  in  the  guinea  pig3. 

The  transition  to  the  phase  of  hematogenous  dissemination  , 
which  v/as  established  by  means  of  finding  bacteria  in  the  spleen,  clin* 
ically  almost  coincides  with  the  onset  of  the  fever,  preceding  it  by  sev¬ 
eral  hours  (Fig  12).  In  guinea  pigs  killed  on  the  first  day  after  tem¬ 
perature  elevation  tularemia  bacteria  are  found  regularly  in  the  inter¬ 
nal  organs  and  irregularly,  in  the  blood. 

From  the  regional  lymph  node  the  bacteria  go  into  the  blood 
stream  with  the  lymph  flow  and  settle  out  in  the  organs  rich  in  reticulo¬ 
endothelial  cells,  chiefly  in  the  spleen.  Here,  the  bacteria  multiply,  j 
also  partially  penetrate  into  the  blood  and  by  this  means  spread  further 
throughout  the  organs  and  tissues.  With,  the  penetration  of  the  bacteria 
into  the  blood  and  then  into  the  parenchymatous  organs  the  second  per¬ 
iod  of  the  disease  begins  .which  includes  the  phases  of  hematogenous 
dissemination  and  septicemia  and  is  characterized  by  the  presence  of 
clinically  overt, general  (fever)  and  local  (inflammation)  reactions. 
During  this  period,  the  g-anulomatous  process  includes  all  the  organs  to 
which  bacteria  are  carried.  In  our  experiments,  after  the  intrade rmal 
j  injection  of  one- 10  microbes, the  febrile  period,  which  includes  the 
'.phases  of  hematogenous  dissemination  and  septicemia,  lasted  six-sev" 
en  days  in  guinea  pigs;  the  guinea  pigs  died  on  the  10th- 11th  day  after 
infection. 

The  phase  of  hematogenous  dissemination  (and  focal  spread 
jof  the  infection)  is  characterized  by  the  irregular  finding  of  bacteria  in 
| the  blood  and  a  relatively  moderate  seeding  of  the  internal  organs  and 
■  lymphatic  apparatus  with  bacteria, 

(  For  example,  in  the  spleen  during  this  period  from  1,000 

'to  100,000  microbes  arc  found  per  gram  of  tissue  (by  the  method  of 
|  titration  on  mice)  and  somewhat  more  are  found  in  the  regional  lymph 
{node  --  up  to  1,000,000  per  gram  of  tissue.  In  the  liver,  kidneys, 

I  bone  marrow  and  lungs  bacteria  during  this  period  are  found  less  regv;- 
ilarly.  By  cultures  on  coagulated  egg  yolk  medium  bacteria  are  found 
j  chiefly  in  the  spleen  and  regional  lymph  node,  but  growth  is  late,  in 
.the  form  of  separate  colonies,  appearing  or.  the  third- seventh  day  of 
,  standing  in  an  incubator.  Comparison  of  the  number  of  microbes  in  { 
the  guinea  pig  organs  found  by  titration  by  the  biologic  method  with  the 
results  of  vultures  from  smears  of  the  same  organs  showed  that  the  j 
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Fig  12,  Phases  Oi  the  Infectious  Process  in  Comparison  with  the  Clinij- 
!  cal  Picture  of  Tularemia  in  Guinea  Pigs  after  Intrade  rmal  Infection 
i  with  Doses  of  One  Microbe  (A)  and  10  Microbes  (B).  The  dissemina- 
i  tion  of  the  bacteria  through  the  organs  and  tissues  (cross-hatching)  is 
J  represented  in  a  generalised  form  in  accordance  with  the  data  of  invwi  - 
|  tigation  of  animals  which  were  killed  serially  on  successive  days  and 
j  the  corresponding  infective  doses.  Changes  in  the  body  temperature 
;  (1)  and  weight  (Z)  are  shown  for  various  animals.  3,  Weight  (grams); 

\  4.  Death;  5.  Infection;  6.  Blood;  7.  Spleen;  8.  Regional  lymph  nodf ; 
;  9.  Skin  at  the  infection  site;  10.  Phases  of  the  infectious  process;  11< 

I  Adaptation;  U.  Regional  infection;  13.  Hematogenous  dissemination  j 
j  and  focal  spread  of  the  infection;.  14.  Septicemia;  15.  Period  of  the  dii- 
*  ease;  16.  Incubation;  17.  Clinical  manife stations;  18.  Tempsrature;  j 
19.  Days  after  infection.  j 
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growth  of  the  culture  occurs  only  when  no  less  than  10,000  microbes 
are  present  per  gram  of  investigated  tissue.  Bacterioscopy  of  the 
smears  with  this  number  of  bacteria  in  the  tissues  is  always  negative. 
Approximately  the  same  results  were  obtained  from  the  study  of  orgai  a 
of  white  mice  and  white  rats  (see  Table  15). 

During  the  phase  of  septicemia  seeding  of  the  splenic  tis¬ 
sue  exceeds  that  of  the  regional  lymph  node  (see  below).  Apparently, 
the  latter  should  be  connected  with  the  active  nccrotization  of  the  lymph 
node  tissue  which  limits  the  further  multiplication  of  bacteria.  In  the 
regional  lymph  node  (or  nodes),  aside  from  a  marked  enlargement  of  • 
it,  the  most  far -advanced  changes  of  the  tissue  in  the  form  of  extensive 
caseous  necrosis  are  always  found  (at  the  time  of  death  of  the  animal) , 
while  the  distant  lymph  nodes  are  moderately  enlarged  and  only  tissue 
hyperplasia  and  solitary  granulomas  are  noted  in  them.  These  differ¬ 
ences  between  the  lymph  nodes  affected  primarily  or  secondarily  are 
so  characteristic  of  guinea  pigs  that  even  at  autopsy  the  routes  of 
spread  of  the  infection  can  be  determined  almost  without  error  (after 
small  doses  of  the  infection).  In  the  lymph  nodes  distant  from  the  pri¬ 
mary  focus  (not  connected  with  one  another  by  a  common  lymph  flow) 
the  tularemia  bacteria  penetrate  even  in  the  phase  of  hematogenous 
dissemination  or  septicemia.  During  this  period  of  the  disease  the 
bacteria  can  penetrate  into  the  lungs  hematogenously  or  lymphogen- 
ously  and  can  cause  foci  of  secondary  pneumonia,  which  in  guinea  pigi 
is  observed  in  approximately  50  percent  of  the  cases  (Z.  D.  Khakhinaj. 

Characteristic  of  the  phase  of  septicemia  is  the  rogular 
presence  of  bacteria  in  the  blood  and  progressive  multiplication  of 
them  in  organs  rich  in  reticuloendothelial  cells.  Tularemia  bacteria 
|  multiply  mainly  in  the  spleen,  lymph  nodes,  liver,  bone  marrow  and  j 
|  lungs.  In  this  phase  the  number  of  bactoria  in  the  spleon  and  other  { 
j  foci  of  active  multiplication  exceeds  1,000,000  per  gram  of  tissue  am! 
j  is  regularly  found  by  culture  (see  Table  15)  but  not  by  bactorioscopy. 

!  In  the  internal  organs,  from  the  time  of  penetration  of  the  tularemia 
j  bacteria  into  them,  specific  foci  of  inflammation  in  the  form  of  granm 
j  lomas  eventuating  in  necrosis  occur  along  with  the  degenerative  chanj  - 
1  es  in  the  parenchymal  cells  --  fatty  degeneration  and  areas  of  necros- 
is.  * 

I  In  the  case  of  a  multiple  granulomatous  process  necrosis  1 

j  can  include  considerable  areas  of  tissue,  and  macroscopically  these  \ 
areas  look  like  grayish  nodules  or  small  foci  of  irregular  shape  in  thO 
!  organs-  The  granulomatous  process  develops  most  actively  in  organs 

•  in  which  maximum  bacterial  multiplication  occurs  i  In  the  spleen,  ; 

•  lymph  nodes,  liver,  etc.  In  the  phase  of  septicemia  necrotic  change*; 

|  increase;  the  defense  forces  oC  the  body  decrease;  injur/to  the* organa 
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and  associated  functional  disorders  progress  rapidly,  which  leads  to 
the  death  of  the  animals.  Y/c  agree  with  the  opinion  of  V.  S.  Kolesnik 
(1946)  that  in  tularemia  septicemia  in  guinea  pigs  "designates  complete 
exhaustion  of  the  phagocytic  and  bactericidal  power  of  all  the  rcticulok 
endothelial  elements  associated  with  the  blood  stream  and  is  expressed 
in  the  formation  of  multiple  foci  with  active  multiplication  of  microbes’ 
in  the  internal  organs". 


in  the  internal  organs1'. 

In  guinea  pigs  infected  intradormally  with  a  dose  of  10  mi¬ 
crobes  the  number  of  bacteria  at  the  time  of  death  reaches  10,CC0,000 
per  gram  of  tissue  of  the  regional  lymph  node;  100,000,000-1,  COO,  000,000,  • 
‘of  the  spleen;  and  in  one  cc  of  blocd,  100-10, 000.  The  sequence  of 
spread  of  tularemia  bacteria  and  the  increase  in  their  numbers  by  nr-j 
gans  and  tissues  of  the  guinea  pig  during  the  course  of  development  off 
the  infectious  process  are  shown  schematically  in  Tl0s  13  and  14. 

It  is  perfectly  obvious  that  with  increase  in  the.  dose  or 
change  in  the  method  of  administering  the  bacteria  the  time  of  develop- 
j  raent  of  the  various  phases  of  the  infectious  process  in  guinea  pigs  will 
S  be  shortened  (like  the  entire  process  as  a  whole),  and  even  the  initial  j 
I  phases  can  entirely  drop  out,  for  example,  after  intravenous  infection , 

•  In  the  case  of  subcutaneous  injection  of  a  dose  of  10,  COO,  000, 000  mi¬ 
crobes  of  the  virulent  strain  503  into  guinea  pigs  the  infectious  prone  a  & 
with  a  fatal  outcome  was  completed  in  a  period  of  lose  than  two  days,  j 

In  the  work  of  I.  $»  Tinker  and  M.  3,  Drozhovkina  (1948)  I 
different  times  for  the  development  of  various  phases  of  the  infectious} 

:  process  in  guinea  pigs  after  subcutaneous  infection  with  a  virulent  \ 

|  strain  of  tularemia  bacteria  are  mentioned  from  the  ones  we  obtains  dJ 
I  Unfortunately,  the  authors  do  not  report  fcb*  doses  they  injected  into  i 

•  the  guinea  pigs  but  evidently  they  were  quite  massive  if  three  hours  alj- 
I  ter  beginning  the  experiment  tits  mthors  J&>und  6, 000  bacteria  at  the 

i  injection  site  in  the  animals  and  after  five-six  days  the  guinea  pigs 
1  were  in  an  agonal  state.  For  the  purpose  of  finding  the  bacteria  in  th< 

■  tissues  the  authors  used  cultures  on  liquid  egg  yolk  medium,  which  is 
J  inferior  in  Its  sensitivity  fc*  the  biological  method  (which  we  used  in 
j  the  experiments  presented).  This  must  be  the  explanation  for  the  fact 
that  after  comparatively  missive  infection  of  the  guinea  pigs  the  authoto 
were  able  to  note  a  generalisation  of  the  infection  only  three  days  aftejr 
the  infection.  ! 

After  infection  of  guinea  pigs  wish  museum  strains  (which  j 
have  undergone  attenuation  to  varying  degrees)  the  infectious  process ! 

5  can  acquire  a  chronic  nature  (death  on  me  I5th-20th  day  or  later).  | 

'  Thereby,  the  seeding  cl  organs  and  tissues  with  tularemia  bacteria  la) 
j  much  less  than  in  animals  infected  with  fully  virulent  st rains i;'-; Suva  in  l 

Ith?.  **•*“•• 
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!  Fig  13.  Results  of  Biological  and  Bacteriological  Study  of  Guinea.  Pigj 
1  Organs  and  Tissues  at  Various  Periods  after  Subcutaneous  Infection  j 
<  with  a  Dose  of  10  Microbes  of  a  Virulent  Tularemia  Strain,  9.  Each  j 
)  figure  designates  an  animal  examined.  A.  Biological  tests  (on  white  ! 
mice);  B.  Cultures.  1.  Lymph  codes *,  2,  Spleen;  3.  Liv«r|  4,  Blood;:. 
'  5-  iQdtwya;  6*  Bono  marrow.  Positive  results  are  hatched.  The  Roi- 

*  man  numerals  on  the  right  designate  pisses  of  the  infectious  process  j 
'  (see  Fig  23).  7*  Time  of  investigation  after  infection  (days);  8*  Car- 

i  cats*  | 

* 

i  t 

I 


!  10th-  12th  day  of  the  disease  compensatory  changes  of  a  productive  na* 


;  ture  are  found  (A,  V.  Mashkov,  ?9$2).  . 

j  Bacterioscopy  of  the  smear s  from  organs  of  g«tinca  pigs  ? 

dying  of  tularemia  is  usually  positive  only  in  those  cases  where  the  ' 
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Fig  14.  Change  in  the  Number  of  Tularemia  Bacteria  per  Gram  of  Tii 
sue  of  the  Regional  Lymph  Node  (1,  rectangles).  Spleen  (2,  circles)  or 
per  cc  of  Blood  (3,  crosses)  in  Guinea  Pigs  infected  Subcutaneously 
with  a  Dose  of  10  Microbes  of  a  Virulent  Tularemia  Strain,  9.  The 
number  of  bacteria  was  determined  by  the  method  of  titration  on  white 
mice.  The  figures  shown  are  the  actual  data;  the  lines  are  extrapola¬ 
tions,  4,  No.  of  bacteria  per  gram  of  tissue;  5.  Time  (in  days)  after 
infection;  6,  Phases  of  the  infectious  process. 


animals  die  in  a  short  time  after  infection  (before  the  sixth  day),  which 
is  noted  after  the  injection  of  large  doses  of  a  virulent  culture.  Bac¬ 
teria  are  found  in  the  lymph  nodes,  spleen  and,  less  often,  in  the  liver, 
and  in  various  cases  the  number  of  them  is  estimated  at  +++  or  ++++ 

(for  the  scale  see  Chapter  VIII).  Rare  cases  are  known  where  in  guinsa 
pigs  dying  in  a  short  time  after  massive  doses  of  a  virulent  strain 
(the  injection  of  a  suspension  from  spontaneously  infected  mature  ticks) 
tularemia  bacteria  were  also  found  by  bacterioscopy  with  a  +++  gradinjg 
in  the  blood  (N.  G.  Olsufiev  and  Ye,  N,  Tolstukhina,  1949).  Special 
studies  showed  .^at  microscopic  detection  of  tularemia  bacteria  in 
these  smears  from  guinea  pig  organs  is  reliable  only  when  the  organs 
are  seeded  with  more  than  1,000,000,000  microbes  per  gram  of  tissus, 
which  is  associated  with  a  very  small  size  of  the  bacteria  (T,  N.  Dun  ■ 
ayeva).  In  guinea  pigs  which  died  after  relatively  long  periods  (on  thej 
.ninth  day  o r  Later),  which  was  usually  associated  with  minimum  doses , 
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bacterioscopy  of  the  smears  from  the  organs  is  negative.  The  possi¬ 
bility  of  detecting  tularemia  bacteria  in  guinea  pig  organs  by  the  meth4 
od  of  bacterioscopy  has  been  pointed  out  by  many  authors  (G.  Ya.  Sin-| 
ay,  L.  M.  Khatenever  and  L.  A.  Levchenko,  1936;  O.  S.  Yemcl'- 
yanova,  1951;  Lilly  and  Francis,  1937,  etc.). 

Cultures  on  egg  yolk  medium  are  positive  (if  no  contamina[ 
tion  with  extraneous  flora  has  occurred), regardless  of  the  dose  of  in¬ 
fection  and  the  time  of  death,  from  the  spleen,  liver  and  regional 
lymph  nodes,  whereas  from  the  blood  growth  is  constant  only  in  ani¬ 
mals  which  die  in  a  short  time  after  the  infection.  The  time  of  occur¬ 
rence  of  growth  in  the  cultures  from  organs  and  tissues  of  guinea  pigsj 
dying  of  tularemia  varies  in  accordance  with  the  degree  of  seeding  of 
them  with  bacteria;  in  various  cases  growth  appears  in  blood  cultures 
j  for  10-12  days.  These  data  are  evidence  to  the  effect  that  in  tularemip. 

]  in  guinea  pigs  the  bacteriological  method  of  investigation  of  organs  is 
j  much  more  “sensitive"  and  reliable  than  the  bacterioscopic  method, 
but  both  of  them  are  much  inferior  to  the  biological  method  of  exam  in  4 
a  tion.  For  obtaining  a  culture  from  a  tularemia -infected  guinea  pig 
it  may  be  killed  in  an  agonal  state,  without  awaiting  the  time  of  death,] 
because  cultures  from  the  carcasses  which  have  lain  around  can  be 
contaminated  by  extraneous  bacteria.  Considering  the  possibility  of 
various  failures  with  the  cultures  part  of  the  guinea  pig  organs  shouldj 
be  preserved  (in  the  cold)  for  the  purpose  of  infecting  a  white  mouse  ifj 
necessary,  in  which,  because  of  the  much  higher  seeding  of  the  organs, 
j  the  finding  of  tularemia  bacteria  is  readily  possible  both  by  culture  J 
and  bacterioscopy.  j 

The  precipitation  test  with  a  heat  extract  from  organs  of  | 
animals  dying  of  tularemia  is  usually  negative  because  of  the  inadequate 
concentration  of  the  antigen  extracted, 
j  The  marked  vascular  permeability  changes  (exudation)  ob- 

:  served  in  guinea  pigs  during  the  course  of  development  of  the  infection, 

'  the  degenerative  processes  in  the  parenchymatous  cells,  as  well  as 
j.the  development  of  granulomas  eventuating  in  necrosis  clearly  show 
J  that  tularemia  bacteria  possess  an  irritant  effect  and  produce  toxins 
;  which  are  responsible  for  deep-seated  tissue  injuries.  Rapid  necrotil- 
j  zation  of  the  granulomas  showed  that  in  guinea  pigs  tissues  are  very 
J  sensitive  to  tularemia  toxins.  A,  F.  Mashkov  (1952)  injected  guinea 
I  pigs  with  massive  doses  of  formalin -killed  tularemia  bacteria  and  at  | 
the  site  of  injection  and  in  the  internal  organs  he  found  specific  granu-j 
lomas  as  well  as  phenoma  of  necrobiosis  which  were  considered  by  thja 
author  the  result  of  the  action  of  toxins  of  the  bacterial  cells.  Data  otj. 
the  toxin  of  the  tularemia  microbe  are  presented  in  Chapter  III.  j 

jV.  G.  Kratinov  and  coauthors  (1946)  determined  the  fact  j 
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|  that  in  guinea  pigs  at  the  lime  of  death,  from  tularemia  a  considerable  j 
ascorbic  acid  deficiency  is  found  which  is  particularly  marked  in  the  j 
suprarenal  glands,  spleen,  lungs  and  regional  lymph  nodes;  also,  a  \ 
reduction  in  the  capillary  resistance  is  noted.  The  authors  conclude  i 
that  in  tularemia  a  toxic  vitamin  C  deficiency  occurs  in  the  guinea  pi" 
organism.  They  determined  the  fact  that  keeping  guinea  pigs  on  a 
scorbutogenic  diet  considerable  reduces  their  resistance  to  infection 
caused  by  attenuated  tularemia  strains.  These  data  should  be  taken 
into  consideration  in  experimental  work  on  guinea  pigs,  particularly 
in  immunological  experiments,  and  one  should  watch  the  completeness 
of  nutrition  of  the  animals  carefully,  particularly  in  the  wintertime, 
because  otherwise  the  results  of  various  experiments  may  be  different. 

Characteristics  of  Tularemia  with  Other  Methods  of  Infec- 
j  ti°n«  Guinea  pigs  show  almost  the  same  high  degree  of  susceptibility 
to  aspiration  infection  as  to  subcutaneous  and  intradermal  infection; 
somewhat  less,  to  conjunctival,  and  least  to  alimentary  and  percutane  - 
ous  (without  scarification)  infection  (Fig  15). 
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Fig  15.  Infectibility  of  Guinea  Pigs  with  Tularemia  by  Different  Methj* 
bds  of  Administration  of  the  Pathogen;  Subcutaneous  (1),  Intradermal 
(2),  Aspiration  (3),  Conjunctival  (4),  Alimentary  (5),  Percutaneous 
without  Scarification  (6);  7.  Dose  of  microbes;  8.  Thousand(s);  9.  j 
Million(s);  10.  Billion. 


In  the  experiments  of  R.  A,  Savel’ysva  and  G.  P.  Uglovo) 
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it  was  determined  that  aspiration  of  single  tularemia  bacteria  leads  to] 
infection  and  death  of  part  of  the  guinea  pigs  used  in  the  experiment, 
whereas  the  aspiration  of  scores  of  bacteria  lcad3  to  the  death  of  all 
the  experimental  guinea  pigs  after  10-13  days.  In  the  former  case  in-} 
fection  was  achieved  as  the  result  of  an  hour's  stay  in  a  chamber  in 
which  every  10  liters  of  air  contained  one  microbe  (according  to  the 
GKI  standard),  on  the  average;  and  in  the  latter  case,  10  microbes. 

The  probable  number  of  bacteria  aspirated  by  the  guinea  pigs  was  de¬ 
termined  from  the  respiratory  minute  volume  of  the  lungs  of  these  ani 
mals  (with  consideration  of  the  weight  of  the  latter)  and  the  time  of  ex-  ' 
posure  in  the  chamber.  These  authors  determined  the  fact  that  after 
spraying  a  finely  dispersed  bacterial  suspension  into  the  air  the  bacter¬ 
ia  penetrate  into  the  most  distant  (with  respect  to  the  bronchi)  parts  of] 
j  the  guinea  pig  lungs;  immediately  after  aspiration  infection  with  a  dosje 
|  approximately  equal  to  5,000  microbes  bacteria  were  found  in  the  tis-j 
sues  of  the  guinea  pigs  excised  from  the  surfaces  of  peripheral  parts  I 
of  the  lung.  In  this  case  the  infectious  process  can  begin  immediately 
in  the  lung  tissue,  developing  in  a  manner  similar  to  primary  pneum¬ 
onia.  After  24  hours  bacteria  were  found  in  the  lungs  and  in  the  trache¬ 
obronchial  lymph  nodes,  whereby  the  number  of  bacteria  per  gram  of 
lung  increased  by  approximately  10  times,  reaching  1,000.  After  two 
days,  bacteria  in  various  cases  was  found  in  other  organs  also,  for 
example,  in  the  spleen.  Beginning  with  the  fourth  day  and  later  and 
until  the  time  of  death  bacteria  were  found  in  all  organs  and  tissues  in|- 
cluding  the  blood,  whereby  the  number  of  bacteria  increased  sharply: 
for  example,  in  one  gram  of  lung  there  were  1,000,000-10,000,000 
bacteria  on  the  fourth  day,  and  at  the  time  of  death  of  the  animal  (aftet 
eight  days),  1,000,000,000-10,000.000,000. 

j  In  guinea  pigs  infected  by  aspiration,  fine  moist  rales  in- 

1  dicating  pneumonia  (R.  A.  Savel'yeva)  are  heard  well  in  the  lungs  at 
!  the  climax  of  the  disease.  The  lymph  nodes  on  the  outside  of  the  body 
:  remain  unchanged.  At  autopsy  in  the  guinea  pigs  which  died  a  marked 
I  enlargement  of  the  lungs,  hyperemia  and  hepatization  of  the  tissue  we::e 
•found,  including  considerable  parts  of  the  lung,  necrotic  nodules,  which 
1  sometimes  became  confluent  into  extensive  necrotic  areas,  marked  exj- 
{ largement  (to  the  size  of  a  pea  or  bean),  densification  and  necrotiza- 
i  tion  of  tracheobronchial  lymph  nodes  as  well  as  changes  in  other  or- 
I  gans  typical  of  tularemia  --  spleen,  liver,  etc.  The  cervical  and  sub** 

!  maxillary  lymph  nodes  were  not  notably  enlarged  but  were  congested,  j 
!  Primary  tularemic  pneumonia  can  be  reproduced  in  guinea 

j  pigs  by  means  of  endotracheal  administration  of  a  bacterial  suspension 
jalso(T.  G.  Linnik,  194-6;  V.  S,  Kolesnik,  1946).  V.  S.  Kolesnik 
U  19.4.6)  and  Z^  D^.Kh.%Hh.iA^_Q9i8Ij59injL.Q^UhatAto. 
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aspiration  infection  the  primary  inflammatory  changes  are  found  in 
the  alveoli,  alveolar  septa  and  bronchioles,  which  can  be  considered  a 
reaction  to  the  site  of  incorporation  and  initial  multiplication  of  the 
bacteria.  These  authors  described  in  detail  all  the  successive  stages 
of  development  of  tularemic  pneumonia  in  guinea  pigs. 

In  the  case  of  conjunctival  infection  (by  means  of  instilla¬ 
tion  of  a  bacterial  suspension  into  the  conjunctiva  with  the  lid  retracte  i 
without  subsequent  inunction)  in  our  experiments  (N.  G.  Olsuf 'yev  and 
T.  N.  Dunayeva)  the  minimum  full  lethal  dose  (MLCD)  amounted  to 
1,000  microbes  for  guinea  pigs,  that  is,  it  was  1,000  times  more  thar 
after  subcutaneous  infection.  In  the  infected  guinea  pigs  there  was  a 
typical  ophthalmic  form  of  tularemia  characterized  by  a  marked  edem  a 
of  the  lids,  hyperemia  of  the  scleral  blood  vessels  and  lid  mucosae, 
opacification  of  the  cornea,  purulent  exudation  from  the  eye  and  a 
marked  enlargement  of  the  posterior  submaxillary  and  cervical  lymph 
nodes  on  the  side  of  the  infection.  The  nodes  could  be  found  by  means 
of  palpation  during  the  last  few  days  of  life  of  the  guinea  pigs .  At  aut¬ 
opsy  of  the  guinea  pigs,  in  addition  to  the  changes  indicated  on  the  part 
of  the  eye  and  regional  lymph  nodes  which  at  the  time  of  death  were 
sometimes  enlarged  to  the  size  of  a  bean  and  were  necrotic  in  depth, 
typical  lesions  of  the  internal  organs  were  found. 

The  relative  resistance  of  guinea  pigs  to  conjunctival  infer 
tion  (without  injury  to  the  mucosa)  attracts  attention.  Evidently,  the 
mucosa  of  the  eye  is  to  some  degree  protected  against  the  entrance  of 
bacteria  into  it  if  their  number  is  small.  Relative  protection  of  the 
eye  against  penetration  of  tularemia  bacteria  is  also  confirmed  by  ex¬ 
periment  of  M.  P.  Tereshchenko  (1954)  on  white  mice.  These  facts, 
to  some  degree,  can  explain  the  fact  that  the  ophthalmic  form  of  tular¬ 
emia  is  not  frequently  encountered  clinically.  However,  this  problem 
needs  further  study. 

Guinea  pigs  show  considerable  resistance  to  alimentary  ir 
fection,  studied  in  detail  by  R.  A.  Savel'yeva  (1958)  which  is  associat¬ 
ed  with  the  bactericidal  properties  of  the  gastric  juice  because  of  the 
presence  of  hydrochloric  acid  in  it  (R.  A.  Savel'yeva*  1956).  On  feet 
ing  guinea  pigs  infected  food  (pieces  of  white  bread)  or  on  instillation 
of  a  bacterial  suspension  (in  physiological  saline  solution)  into  the 
mouth  the  MLCD  proved  to  be  equal  to  100, 000, 000  microbes.  Only 
part  of  the  guinea  pigs  was  infected  from  smaller  doses,  whereby  a 
dose  of  1,000  microbes  did  not  produce  infection.  Alimentary  admin¬ 
istration  of  tularemia  bacteria  in  some  cases  led  to  the  occurrence  oi 
an  anginal -bubonic  form  characterized  by  a  marked  enlargement,  in¬ 
flammation  and  partial  necrosis  of  the  submaxillary  and  cervical  j 
lymph  nodes,  usually  unilateral,  whereas  in  the  gastric  and  intestinal! 
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mucosae  there  were  no  visible  changes;  the  mesenteric  lymph  nodes 
were  not  enlarged.  In  ether  cases  the  abdominal  form  of  tularemia  de¬ 
veloped  with  the  presence  of  portals  of  entry  of  the  infection  in  the 
mucous  membrane  of  the  small  intestine  and  less  often,  of  the  stom¬ 
ach  and  a  corresponding  involvement  (enlargement  and  partial  necros¬ 
is)  of  mesenteric  lymph  nodes. 

In  part  of  the  guinea  pigs  dying  as  the  result  of  alimentary 
infection  a  combination  of  the  anginal-bubonic  and  abdominal  forms  of 
tularemia  was  noted,  which  indicated  simultaneous  incorporation  of  ths 
pathogen  in  the  area  of  the  oral  or  pharyngeal  mucosa  and  the  mucosa  . 
of  the  gastrointestinal  tract.  In  one  guinea  pig  an  enlargement  of 
tracheobronchial  lymph  nodes  was  observed  with  the  absence  of  notice¬ 
able  changes  in  the  mesenteric  or  cervical  and  submaxillary  lymph 
nodes.  It  is  very  possible  that  in  these  cases  the  bacteria  penetrated 
into  the  tracheobronchial  nodes  from  the  esophagus,  as  Kh.  Kh.  Plan- 
el'yes  and  co-workers  (1950)  believe  on  the  basis  of  their  work  on  the 
Breslau  strain  of  S.  paratyphi  in  mice.  However,  after  alimentary  in¬ 
fection  of  guinea  pigs  with  tularemia  this  route  of  penetration  of  bac¬ 
teria  is  not  characteristic.  This  problem  needs  further  study. 

In  percutaneous  infection  (without  scarification  of  the  skin' 
of  guinea  pigs  the  MLCD  proved  to  be  equal  to  10,000,000  microbes 
(N.  G.  Olsuf'yev  and  O.  S.  Yemel‘ya.nova).  In  the  majority  of  animal* 
inflammatory  changes  (hyperemia  and  infiltration  with  subsequent  for¬ 
mation  of  small  pustules)  typical  of  tularemia  were  found  in  the  skin  at 
the  site  of  infection,  and  in  the  groin  or  axilla  a  bubo  was  formed,  but 
:  in  two  cases  (out  of  20)  no  inflammatory  skin  changes  were  found  either 
|  during  life  or  at  autopsy  in  the  presence  of  the  regional  bubo.  These 
!  cases  can  be  considered  "a  purely  bubonic"  form  of  tularemia.  After 
i  cutaneous  application  of  even  such  a  massive  dose  as  1,000,000,000 
|  microbes  death  of  the  guinea  pigs  was  observed  after  a  relatively  long 
:  period  (seven-10  days),  and  this  can  serve  as  an  indication  of  the  fact 
!  that  a  small  number  of  bacteria  actually  penetrated  into  the  skin.  Tho 
site  of  their  penetration  was  apparently  the  hair  follicles  and  sebace¬ 
ous  glands.  At  autopsy  of  guinea  pigs  typical  lesions  were  found  in 
the  internal  organs.  These  experiments  showed  that  infection  with 
tularemia  bacteria  can  be  accomplished  through  the  normal  intact  skih, 
confirming  the  data  of  O'Hara  (1925),  Francis  (1929)i  Downs  and  co-  I 
authors  (1947)  and  other  authors.  j 

i  In  the  experiments  on  guinea  pigs  presented  which  used  as¬ 

piration,  alimentary  and  other  methods  of  infection,  in  all  cases  the  { 
minimum  infective  dose  (MID)  was  the  same  as  the  minimum  lethal  I 
dose  (MLD),  We  repeatedly  checked  the  surviving  animals  for  the  j 
^presence  of  immunological  reactions  in  them,  investigated  their  organs 
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by*  means  of  a  biological  test  on  mice,  made  cultures,  etc. ,  but  in  all 
cases  a  negative  result  was  obtained  attesting  to  the  absence  of  infec- 
tion  in  these  animals. 

The  results  of  all  the  experiments  can  be  summarized  in 
the  following  way:  1.  With  different  methods  of  administration  of  the 
virulent  tularemia  bacteria  guinea  pigs  show  different  degrees  of  sus¬ 
ceptibility  to  infection,  greatest  after  subcutaneous,  intradermal  and 
aspiration  methods,  and  somewhat  loss  after  conjunctival  administra¬ 
tion;  least,  by  the  alimentary  and  percutaneous  (without  scarification) 
methods.  2.  After  infection  with  fully  virulent  strains  the  guinea  pigs  • 
are  so  sensitive  to  tularemia  that  the  minimum  infective  dose  for  then: 
coincides  with  the  minimum  lethal  dose  regardless  of  the  method  of  in  ¬ 
jection  of  the  bacteria  (resp.  "portal  of  infection”).  Rare  exceptions 
depend  on  the  altered  sensitivity  of  the  guinea  pig  organism,  associated 
with  some  previous  antigenic  effect  (specific  or  nonspecific).  3.  Each! 
of  the  methods  of  infection  has  its  own  primary  lesion  localizations, 
usually  determinable  without  difficulty  by  the  degree  of  expression  of  j 
the  inflammatory  process  in  the  tissues  at  the  site  of  incorporation  of 
the  pathogen  and  the  degree  of  involvement  of  the  regional  lymph  node. 
4.  In  the  case  of  methods  of  infection  which  are  similar  to  the  natural 
mode,  in  guinea  pigs  the  following  experimental  forms  of  tularemia  axje 
clearly  distinguished  by  the  localization  of  the  primary  lesions:  ulcer  i- 
tive-bubonic,  purely  bubonic,  pneumonic,  abdominal,  anginal-bubonic , 
and  ophthalmic -bubonic,  which  confirms  the  correctness  of  the  previ¬ 
ous  clinical  classification  of  these  forms.  5.  After  any  of  the  methocs 
of  infection  tularemia  proceeds  in  the  guinea  pigs  as  an  aerte  septic 
disease  causing  unitypical  pathological  and  histopathological  changes 
in  the  internal  organs,  such  as  the  spleen,  liver,  suprarenal  glands, 
lymph  nodes,  vascular  system,  and  others, 

I  Immunity.  After  infection  of  guinea  pigs  with  fully  viru¬ 

lent  strains  cases  of  recovery  from  tularemia  are  rare  and  are  ob- 
;  served  only  after  the  use  of  minimum  doses  with  the  intradermal  meth  - 
j  od  of  injection.  We  observed  such  cases  and  an  analysis  of  them 
|  showed  that  guinea  pigs  with  an  altered  (reduced)  infectious  sensitivity 
|  (see  above)  had  been  used  for  the  infection.  With  other  methods  of  in- 
j  faction  we  did  not  note  any  recovery  of  guinea  pigs.  With  the  usual 
acute  course  of  the  infection,  ending  in  a  fatal  outcome,  immunologic- 
i  al  reactions  i r  guinea  pigs  such  as  the  allergic  reaction  or  the  agglutin 
j  ation  test  are  not  found,  which  in  our  laboratory  was  checked  special! r 
J  on  a  large  number  of  guinea  pigs.  However,  guinea  pigs  quite  ofton 
|  recover  when  they  are  infected  with  minimum  doses  of  partially  atton- 
’  uated  strains.  In  such  a  case,  after  recovery,  which  sometimes  oc- 
;cu«  after  ajon* 
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adequate  to  withstand  a  subsequent  infection. with  ICC  or  more  lethal 
doses  of  a  highly  virulent  strain.  Subacute  and  chronic  forms  of  the 
disease  in  guinea  pigs  can  be  diagnosed  beginning  with  the  seventh-lOt  i 
day  by  means  of  the  intradermal  allergic  test  (V.  A,  Bychkov  and  L.Cj. 
Rappoport,  1931),  as  well  a3  the  agglutination  test.  A  month  after  in¬ 
fection  the  serum  titers  can  reach  1:320,  less  often,  higher.  In  vari¬ 
ous  cases  allergic  reorganization  of  the  body'  and  antibodies  can  be 
found  in  guinea  pigs  which  have  a  subacute  course  of  the  disease  and 
die  after  a  longtime.  Evidently,  in  these  cases  the  action  of  the  im¬ 
mune  forces  of  the  body  is  inadequate  to  stop  the  further  injury  of  tis-  . 
sues  of  the  vital  organs  and  the  associated  severe  functional  disorders 
of  them. 

In  guinea  pigs  which  have  had  tularemia  the  elimination  of 
virulent  bacteria  from  the  body  occurs  slowly,  and  the  animals  can  re¬ 
main  bacterial  carriers  for  a  long  time:  according  to  our  observation^, 
as  long  as  110  days  {unlimited  observation);  according  to  the  data  of 
I.  N.  Mayskiy  (1953),  as  long  as  eight  months.  Here,  as  in  the  subse¬ 
quent  presentation,  by  "bacterial  carriage’1  we  mean  local  carriage, 
without  egress  to  the  environment,  the  finding  of  a  small  limited  num¬ 
ber  of  tularemia  bacteria  in  various  tissues,  usually  in  the  lymph 
nodes,  during  the  period  of  subsidence  of  the  infection.  Problems  of 
immunity  production  and  its  characteristics  in  guinea  pigs,  learned 
chiefly  from  the  effect  of  attenuated  (vaccine)  strains  on  their  bodies, 
will  be  analyzed  in  Chapter  DC. 


Experimental  Tularemia  in  White  Mice 


White  mice  possess  a  maximally  high  susceptibility  and 
infectious  sensitivity  to  tularemia,  which  makes  them  irreplaceable 
for  use  as  biological  test  animals.  When  infected  with  fully  virulent 
strains  of  tularemia  bacteria  the  infectious  process  occurs  in  the  mics 
acutely  and  leads  to  a  fatal  outcome  in  all  cases  without  exception,  evL 
en  with  the  smallest  doses,  whereby  the  organs  and  tissues  are  mass¬ 
ively  seeded  with  the  pathogen.  Kcwcver,  just  as  in  experiments  on 
guinea  pigs,  the  minimum  infective  dose  by  different  methods  of  ad¬ 
ministration  of  the  tularemia  bacteria  to  the  mice  differs  considerably, 
while  the  development  of  the  infectious  process  has  its  own  charactorf 
is  tic  features.  *  -  1 

Characteristics  of  Tularemia  after  Subcutaneous  Infection1, 
The  subcutaneous  method  of  infecting  white  mice  is  used  moat  often  ty 
laboratory  practice;  therefore,  the  infectious  process  produced  by  it* 
has  been  best  studied.  In  experiments  on  white  mice  the  intradermal { 
method  of  infection  is  practically  equivalent  to  the  subcutaneous  m.-tloci; 
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minor  differences  are  no  Leu.  uuly  in  the  time  of  death  c£  the  animals  ,bcj- 
ing  later  after  the  intradermal  injection  of  bacteria  (M.  P,  Teresncbeti- 
ko).  In  the  subsequent  description  we  shall  deal  only  with  data  obtained 
from  subcutaneous  infection.  The  minimum  full  lethal  dose  (ML-CD) 
of  a  fully  virulent  strain  amounts  to  one  microbe  according  to  the  GKI 
standard.  A  dose  of  0. 1  microbe  causes  the  death  of  a  little  more  than 
50  percent  of  the  mice,  that  is,  in  practice  it  can  be  considered  the 
LD50  (Table  11). 

Table  11 

Mortality  Rate  of  White  Mice  after  Subcutaneous  Injection  of  a  Minimujn 
Dose  of  0. 1  Microbe  (Dilution  10"^)  of  a  Virulent  Strain 
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l.  Author;  2,  Strain;  3.  No.  of  mice  infected;  4.  No.  of  mice  which 
died  of  tularemia;  5.  %  of  mice  which  died;  6.  M.  P.  Tereshchenko 
(1954);  7.  T.-  N,  Dunayeva;  8./same  as  9.  O.  S.  Yemel'yanova; 
10.  Total. 


This  result,  however,  is  obtained  from  impeccable  per- 
formance  of  the  experiments  and  keeping  the  experimental  animals  at 
i  the  usual  room  temperature.  It  represents  the  average,  but  in  vari¬ 
ous  experiments  deviations  to  one  side  or  another  are  possible.  Inad¬ 
equate  nutrition  or  keeping  the  mice  at  low  temperature  increases  the 
mortality  rate  (M*  P»  Tereshchenko,  1956).  A  dose  of  0.5  microbe 
after  subcutaneous  injection  can  cause  the  death  of  all  experimental 
I  mice.  However,  from  experiment  to  experiment  the  results  can  be 
i  irregular;  therefore,  this  dose  cannot  be  considered  reliable  as  the 
|  MLCD.  The  minimum  infective  dose  (MID)  and  the  minimum  lethal 
I  dose  (MLD)  of  a  virulent  strain  are  the  same  for  mice.  Mice  usually 
Ldia..Aft«Rjix-^mjimJi^*..diWfi.fiLo.qsLmi^Qbo;...aftQs  ae.Y<m-eA&t 
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days,  from  a  dose  of  0. 1  microbe,  but  in  rare  cases  death  can  occur 
on  the  12th- 15th  day  and  as  an  extremely  rare  exception,  on  the  18th 
day  (T.  N.  Dunayeva).  In  the  experiments  of  O.  S.  Yemel'yanova  on 
586  mice  the  largest  number  of  animals  died  from  a  dose  of  0. 1  mi¬ 
crobe  after  seven  days  (50  percent);  from  a  dose  of  one  microbe*  aftejr 
six  and  3even  days  (49  and  43  percent);  from  a  dose  of  10  microbes, 
after  six  days  (79  percent).  With  increase  in  the  infective  close  the 
time  of  death  of  the  mice  comes  sooner,  which  is  seen  from  the  exper 
ment  performed  by  Ye.  M.  Tsvetkova  (Table  12). 

Table  12 

Relationship  of  Time  of  Death  of  White  Mice  to  the  Infective 
-  Dose  (after  Yc.M.  Tsvetkova) 
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1,  Dose  (microbes);  2.  Time  of  death  of  infected  trice  (days);  3. 
Millions;  4.  Mouse  remained  alive. 


The  jwfriai  stages  of  attenuation  of  the  strains  have  little 
effect  on  their  virulence  for  white  mice;  in  any  case,  the  dose  of  one 
microbe  remains  the  full  letlial  dose,  whereas  in  the  case  of  guinea 
pigs  and  white  rata  the  strain  is  notably  less  virulent.  Only  a  delay  id 
the  time  of  death  of  the  whito  mice  to  nine  days  or  more  (see  Chapter  ‘ 
ttt)  it  noted.  Different  colored  laboratory  strains  of  the  house  mouse  I 
(black,  brown,  etc.)  as  well  as  the  wild  strain  are  susceptible  to  tular-l 
emia  on  a  par  with,  the  white  laboratory  strain.  According  to  the  data' 
!  of  Bell  and  coauthors  (1952),  the  age  and  sex  of  white  mice  exort  no  1 
:  effect  on  the  LD5Q.  j 

I  In  mice,  in  view  of  their  small  sisse,  clinical  manifesto-  j 

tion*  of  tularemia  are  difficult  to  detect.  Usually,  outwardly  it  is 
[difficult  to  detecJLiigns  JS&  iUhe.cnd  of  tiicj.r 
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lives.  Only  two-three  days  before  death  can  it  be  noted  that  the  hind 
paw  corresponding  to  the  side  of  infection  is  raised  and  a  small  infil¬ 
trate  is  found  in  the  groin  on  palpation.  At  the  end  of  lire,  the  mice 
lose  up  to  15  percent  of  their  weight.  The  agonal  period,  in  contrast 
to  guinea  pigs,  lasts  a  short  time,  sometimes  a  total  of  a  few  score 
minutes. 

The  development  of  the  infectious  process  in  the  mouse  orj* 
ganism  undergoes  the  same  phases  as  in  the  guinea  pig  organism,  but 
the  spread  of  bacteria  occurs  in  a  shorter  time  and  is  associated  with 
a  much  more  active  multiplication.  In  the  experiments  of  M.  P.  Ter-] 
eshchenko  andN.  G.  Olsuf'yev  (1956),  after  subcutaneous  infection  of 
white  mice  with  a  dose  of  one  microbe  of  a  virulent  strain,  9,  the  ad¬ 
aptation  and  regional  infection  phases  lasted  14  hours;  on  the  second 
]  day  a  transition  of  the  infectious  process  to  the  phase  of  hematogenou^ 
dissemination  and  focal  spread  was  noted;  after  three  days,  to  the 
phase  of  septicemia, and  the  mice  died  after  six  days.  Throughout  the 
experiment  it  was  possible  to  find  bacteria  regularly  in  the  experi¬ 
mental  mice  by  the  biological  method  and  with  less  regularity  (begin¬ 
ning  with  the  second-third  day)  by  culture;  bacterioscopy  and  the 
precipitation  test  were  positive  on  examination  of  the  mice  only  shortly 
before  they  died  (Fig  16).  It  was  clarified  by  T.  N.  Dunayeva  that 
cultures  from  a  piece  of  spleen  from  a  tularemia-infected  white  mous£ 
become  positive  only  after  the  bacterial  concentration  per  gram  of  tis 
sue  reaches  10,000-100,000  and  are  very  rarely  successful  with  con¬ 
centrations  of  100-1,000  microbes  (Table  15). 

With  increase  in  the  infective  dose  the  development  of  the 
infectious  process  in  the  mouse  organism  is  accelerated  and  corres¬ 
pondingly  there  is  a  shortening  of  tho  time  in  which  the  application  of 
various  methods  of  finding  tularemia  bacteria  is  effective.  However, 

.  final  seeding  of  the  organs  and  blood  by  bacteria  in  mice,  in  contrast 
I  to  guinea  pigs,  is  more  or  less  the  some  whether  they  die  from  small 

•  or  large  doses  of  infection.  The  rate  of  multiplication  of  tularemia 
i  bacteria  in  the  bodies  of  white  mice  is  great,  particularly  in  phases  o 
j  hematogenous  dissemination  and  septicemia,  at  which  time  the  num 
!  bar  of  tularemia  bacteria  in  the  infected  tissues  doubles  approximately 
j  every  two-and-a-half-three-and-a-half  hours,  and  in  24  hours  it  in- 

creases  by  100-1, 000  times  on  the  average  (M.  P.  Tereshchenko  and 
|N.  G.  Olsuf'yev,  1956;  T.  N.*  Dunayeva)  (Fig  17).  The  number  of 

•  bacteria  per  gram  of  spleen  in  mice  dying  of  tularemia  can  reach 

j  100,000,000.000  (A.  Y.  Mashkov  and  A.  F.  Taranenko,  1950;  T.  N. 
i  Dunayeva).  With  such  a  tremendous  seeding  of  the  spleen  and  other 
|  organs  of  tho  mouse  with  tularemia  bacteria  the  latter  are  present  in 
\  smears  as  almost  a  solid  layer  between  the  tissue  elements  and  are 
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Jig  16.  Results  of  Examination  of  Organs  and  Tissues  of  White  Mice 
at  Differ ont  Periods  after  Subcutaneous  Infection  with  a  Dose  of  10 
Microbes  with  a  Virulent  Strain,  9.  Each  rectangla  represents  an  exj 
amined  (after  M.  P.  Tereshchenko  and  N.  G.  GUuf*yev,  1956I. 

A*  Biological  test|(ou  white  mice):  B.  Cultures*  C.  Bacterioscopy.  j 
1.  Lymph  node;  2,  Spleen,  3,  Liver}  4,  Blood}  5.  Kidneys}  6, 
marrow}  7.  The  time  of  examination  after  Investigation  (days).  The 
designates  the  precipitation  test  (with  tirsea  of  spleen  and 
liver)}  the  hatched  squares  indicate  the  finding  of  tularemia  bacteria. j 
Itomaa  numerals  on  the  right  are  die  phases  ef  die  infectious  process, 

» 

i 

■  rendUy  detected  by  means  of  bacterioscopy.  The  letter  method  give* 

,  fully  reliable  results  in  die  diagnosis  of  tularemia  In  die  mice  but  j 
•  should,  of  necessity,  be  combined  widv  culture.  Unusually  active  mul- 
i  tiplication  of  tularemia  bacteria  indicates  complete  de?*Ut#ei*«2S*i*e*  <•( 


- .*  «.'« 


.  c 


o 
i  o 


it  \ 


the  organism  o£  the  white  mouse  to  the  infection  caused  by  vir 
i-ularemia  bacteria,  even  if  the  infection  was  carried  out  with 
microbes. 
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Fig  17.  Changes  in  the  Number  of  Tularemia  Bacteria  Per  Gram  of 
Splenic  Tissue  of  the  White  Mouse  Infected  Subcutaneously  with  a  Dose 
of  10  Microbes  of  a  Virulent  Tularemia  Strain,  9.  The  number  of  bac- 
teria  was  determined  by  the  titration  method  on  white  mice.  The  rate 
of  generation  (g)  was  calculated  for  the  logarithmic  phase  of  multipli- 
:  cation.  I.  No.  of  bacteria  per  gram  of  tissue;  2.  Time  (in  hours)  af¬ 
ter  infection;  3.  g  *  3.  5  hours.  j 


A.  V.  Mashkov  and  A.  F.  Taranenko  (1950)  point  out  that 
in  white  mice  infected  with  virulent  tularemia  bacteria  only  exudative- 
degenerative  changes  are  found  histologically  throughout  the  entire  in¬ 
fectious  process  at  the  infection  site  and  in  the  internal  organs  with  nc 
signs  of  the  productive  phase  of  inflammation.  Morphologically  the  I 
process  is  expressed  in  the  formation  of  multiple  granulomas  which 
rapidly  undergo  necrotization  in  various  organs.  Bacterial  multiplica¬ 
tion  occurs  in  organs  rich  in -reticuloendothelial  cells  --  spleen,  liver!, 
bone  marrow,  lymph  nodes  and  others,  but  not  in  the  blood,  the  seed-J 
ing  of  which  occurs  from  the  entrance  of  bacteria  from  these  organs  j 
(I.  S,  Tinker  and  M.  S,  Drozhevkina,  1948),  Believing  that  the  patho¬ 
logical  changes  in  the  mouse  organs  are  produced  by  toxic  breakdown 
products  of  the  pathogen  colls  in  tularemia,  A.  V.  Mashkov  and  A.  F. 
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Tarancnko  made  appropriate  investigations  and  determined  the  fact 
that  inflammatory  reactions  in  the  form  of  specific  granulomas  develop 
in  response  to  the  injection  of  massive  doses  of  lulled  tularemia  bac¬ 
teria  in  the  bodies  of  mice,  just  as  in  guinea  pigs. 

It  is  difficult  to  assume  that  during  the  course  of  develop¬ 
ment  of  the  infectious  process  caused  by  a  virulent  strain  the  mice  I 
manage  to  develop  any  immunological  reactions  even  to  a  minimum  de  - 
gree.  A.  V.  Mashkov  (1952)  did  not  find  phagocytosis  in  mice  through¬ 
out  the  infectious  process. 

In  mice  dying  of  tularemia  quite  characteristic  pathologies L 
changes  are  found  in  the  internal  organs  making  it  possible  to  suspect 
tularemia  at  autopsy  in  the  majority  of  cases.  At  the  injection  site  of 
the  bacterial  suspension  under  the  skin  there  is  usually  quite  a  dense 
infiltrate.  In  the  case  of  an  inguinal  localization  the  infiltrate  is  usual¬ 
ly  adherent  to  the  adjacent  inguinal  lymph  node.  In  such  a  case  the  latj- 
ter  is  moderately  enlarged  but  notably  thickened,  whereas  the  opposit4 
inguinal  lymph  node  is  frequently  enlarged  less  markedly  and  is  notably 
congested.  Usually,  the  axillary  and  retroperitoneal  ..ymph  nodes  are 
enlarged,  particularly  on  the  side  of  infection.  Hyperemia  of  the 
blood  vessels  of  the  subcutaneous  tissue  is  marked,  including  the 
emallest  ones.  The  spleen  is  enlarged  and  thickened,  frequently  of  a| 
pink- raspberry  color;  it  is  dryish  on  section  (gives  no  scraping)  and 
without  visible  necrotic  nodules.  The  liver  is  enlarged  and  thickened 
with  a  clay-colored  hue.  The  suprarenal  glands  are  slightly  enlarged 
|  and  are  frequently  congested.  The  kidneys  are  pale.  The  small  intes- 
[  tine  in  many  cases  is  markedly  congested  over  a  considerable  extent; 

|  the  mesenteric  blood  vessels  are  congested.  The  lungs  and  heart  show 
j  no  notable  external  changes;  small  foci  of  hyperemia  are  found  less 
i  often  in  the  lungs.  After  infection  with  museum,  partially  attenuated 
i  strains  hyperemia  of  the  subcutaneous  blood  vessels  in  the  mice  which 
!  die  is  less  pronounced;  the  spleen  is  markedly  enlarged,  denso,  its 
j  color  is  cherry- red;  the  small  intestine  is  not  congested. 

Everything  presented  on  the  pathogenesis  of  tularemia  in 
white  mice  shows  that  cases  of  survival  of  mice  after  subcutaneous 
*  infection  with  an  infective  dose  of  a  fully  virulent  strain  are  impossible. 
A  latent  infection  accompanied  by  regional  localization  of  bacteria  is  j 
not  characteristic  of  mice.  Hence,  the  "multipassage "  method  with  the 
j  use  of  white  mice  as  biological-tests  in  experimental  work  with  viru¬ 
lent  strains  of  tularemia  bacteria  or  in  isolation  of  such  strains  from 
nature  is  theoretically  unsound.  Cases  described  in  the  literature, 
where  on  biological  examination  of  some  object  the  infection  in  the  j 
|  mice  used  for  the  biological  test  began  to  be  expressed  only  after  sev+ 
eral  passages  and  the  culture  isolated  from  them  was  fully  virulent,  ! 
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whereas  the  animals  used  in  the  initial  passages  remained  outwardly  j 
healthy  and  cultures  from  them  were  negative, must  bo  doubted.  Factual 
verification  of  this  matter  showed  the  possibility  of  using  the  "multi-  j 
passage"  method  only  in  working  with  museum  attenuated  cultures,  bu| 
not  with  virulent  strains  encountered  under  natural  conditions  (N.  G.  j 
OUjuf’yev  and  M.  P.  Tereshchenko,  1957). 

!  Characteristics  of  Tularemia  after  Other  Methods  of  Infec  • 

I  — w— W  —  ■  . . .  ...»  - - - -  ■  —  —■«»»» 

tioik.  White  mice  are  just  as  susceptible  to  aspiration  infection  as  to 
subjeutaneous  infection;  somewhat  less,  to  intranasal  and  moderately 
or  ^lightly  susceptible  to  alimentary,  conjunctival  or  percutaneous 
|  {without  scarification)  infection  (Fig  18).  In  the  experiments  of  R,  A. 
Savel’yeva  and  G.  P.  Uglovoy  on  aspiration  infection  after  an  hour’s 
J  exposure  of  the  mice  in  a  chamber,  in  which  as  the  result  of  spraying 
j  a  finely  dispersed  virulent  strain,  503,  approximately  one  microbe  wajs 
•  present  in  every  liter  of  air  three  out  of  five  animals  were  infected  ami 
]  died  of  tularemia  in  a  period  of  nine-12  days.  According  to  calculatio: s 
!  the  infection  occurred  as  the  result  of  entrance  of  only  single  bacteria 
i  into  the  mouse  lungs.  Five  guinea  pigs  which  were  in  the  chamber 
j  simultaneously  with  the  mice  were  infected  and  died  of  tularemia  in  a 
j  period  of  10-13  days.  Such  a  result  is  explained  by  the  fact  that  guine  i 
pigs,  by  virtue  of  their  larger  size,  could  aspirate  almost  20  times 
more  bacteria  into  their  lungs  than  the  mice.  In  another  experiment 
in  which  10  bacteria  were  present  in  every  liter  of  air  and  an  hour's 
exposure  was  used  all  five  mice  were  infected  and  died  of  tularemia. 

In  all  the  animals  which  died,  along  with  changes  typical  of  tularemia 
in  die  spleen,  liver  and  other  organs,  foci  of  hyperemia  or  widespread 
marked  congestion  of  various  lobes  were  noted  in  the  lungs,  ) 

. The  susceptibility  and  infectious  sensitivity  of  white  mice 

to  ether  methods  of  infection  have  been  studied  in  detail  by  M.  P.  Ter- 
i  e s^chenko  (1954),  In  the  comparative  experiments  of  this  author,  con- 
•  ducted  with  the  use  of  a  virulent  strain,  No  9»  it  was  determined  that 
■  thej  MLCD  for  white  mice  after  the  intranasal  method  of  infection 
amounts  to  100  microbes;  after  the  conjunctival  and  percutaneous 
me  thods  (without  scarification),  10,000,000;  after  the  alimentary  me  h- 
od  1,000,000  microbes.  After  the  application  of  a  bacterial  suspen¬ 
sion  to  the  scarified  skin  the  MLCD  was  reduced  by  approximately 
|  100  times  (to  100,000  microbes).  Data  on  the  much  lessor  effective- 
1  no  is  of  percutaneous  (or  the' so-called  "Austrian")  method  of  infection 
by  comparison  with  the  subcutaneous  are  very  important  for  laboratory 
|  pr  actice,  because  they  assist  in  avoiding  errors  in  the  performance  of 
j  biological  tests  on  mice.  | 

1  Pathological  changes  in  the  mice  which  diedafter  all  motn- 

;.pd'3  of  infection  characterized $ic  a,qu&  ,£prm  pjUulrujjmfciA  ^.fter  .the  ! 
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Fig  18.  Infectibility  of  White  Mice  with  Tularemia  after  Different 
Methods  of  Administering  the  Pathogen:  Subcutaneous  (1),  Aspiration 
(2),  Intranasal  (3),  Alimentary  {4),  Conjunctival  (5),  Percutaneous 
without  Scarification  (6)  (after  M.  P.  Tereshchenko,  1954,  with  addi- 
j  tions).  The  key  is  the  same  as  for  Fig.  15.  7.  Dose  of  microbes; 

8.  Thousand(s);  9*  Million(s);  10.  Billion. 


intranasal  method  of  infection  inflammatory  changes  were  found  in  thej 
lungs,  in  addition  to  the  other  changes,  and  after  the  alimentary  mcthl* 
od  there  was  intestinal  and  gastric  hyperemia  which  was  somewhat 
greater  than  with  the  other  methods  of  infection.  In  all  methods  of  in+ 
faction  in  the  mice  which  died  a  tremendous  number  of  tularemia  bac¬ 
teria  was  noted  in  the  spleen,  liver,  lymph  nodes  and  blood.  The  in¬ 
tensity  of  septicemia  did  not  depend  on  the  infective  dose.  Cultures 
from  the  spleen  and  other  organs  on  coagulated  egg  yolk  medium  suc¬ 
ceeded  without  any  difficulties  if  a  fresh  carcass  was  dissected. 

In  the  experimental  animals  which  survived  M.  P.  Teresh¬ 
chenko  did  not  once  find  bacterial  carriage  or  immunity  to  tularemia,* 
that  is,  they  were  not  infected.  Tills  gives  us  reason  to  believe  that  . 
in  all  the  methods  of  infection  with  a  fully  virulent  strain  of  tularomiaj 
bacteria  the  minimum  infective  dose  is  simultaneously  th  j  minimum  ! 
lethal  dose  for  white  mice.  In  view  of  the  fact  that  survival  (recovery) 
of  tho  mice  and  the  corresponding  creation  of  immunity  in  them  are  j 
possible  only  whon  they  are  infected  with  strains  of  tularemia  bactorii 
.which  have  considerable  itfte»uatim\.this. problem, .  i 
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will  be  analyzed  In  Chapter  IX. 

Experimental  Tularemia  in  White  Rats 

In  view  of  the  low  degree  of  infectious  sensitivity  to  tular¬ 
emia  in  them  white  rats  are  not  suitable  as  biological  test  animals  for 
detecting  the  pathogen  of  this  infection  by  comparison  with  white  mice 
and  guinea  pigs,  and  apparently,  as  the  result  of  this  for  a  long  time 
they  did  not  attract  the  attention  of  investigators.  We  have  been  U3ingj 
these  animals  since  1940  for  determining  the  virulence  of  tularemia 
strains  isolated  from  nature  in  parallel  with  tests  on  white  mice  (see 
Chapter  HI).  In  recent  years,  white  rats  have  begun  to  be  used  for 
comparative  pathological  immunological  studies  also  (A.  V.  Mashkov, 
T.  N.  Dunayeva,  Downs,  Larson,  Fosliay).  The  white  rat  organism 
j  is  much  more  like  the  human  organism  in  its  relation  to  trlarcmia  in¬ 
fection  than  the  guinea  pig  or  white  mouse  organism  is.  This  justified 
the  utilization  of  white  rats  in  experiments  on  comparative  pathology 
and  immunology  of  tularemia.  We  sliaU  deal  with  the  data  obtained 
both  on  white  and  brown  rats,  since  these  animals  represent  the  same] 
species  (Rattus  norvegicus  Berkenh. ). 

Characteristics  of  Tularemia  after  Subcutaneous  Infection 
After  subcutaneous  injection  of  a  virulent  strain  the  rats  can  be  infect f 
ed  with  the  smallest  doses  of  bacteria,  but  thereby  a  completely  be¬ 
nign  process  develops  in  the  animals  which  ends  in  recovery.  A  dose 
of  one  microbe  (by  the  GK1  standard)  of  a  fully  virulent  strain  is  ade¬ 
quate  to  bring  about  infection  of  all  rats  used  in  the  experiment,  both 
white  (O.  S.  Yemel'yanova,  T.  N.  Dunayeva)  and  brown  (A.  A.  Aysel|, 
1951),  whereas  a  dose  of  0. 1  microbe  is  responsible  for  the  infection 
of  half  of  the  animals  used  in  the  experiment  (T.  N.  Dunayeva). 

After  subcutaneous  injection  of  a  dose  of  10  microbes  of  a 
fully  virulent  strain.  (503)  into  white  rats  the  development  of  the  infec-j 
tious  process  in  the  animals  can  be  represented,  according  to  the  data 
of  T.  N.  Dunayeva'*  experiments*  in  the  following  form  (Fig  19)*  This 
adaptation  phase  of  the  microbe  along  with  the  phase  of  regional  infec4 
tion  lasts  about  two  days*  On  the  third  day  a  phase  of  hematogenous 
dissemination  occurs  accompanied  by  the  spread  of  bacteria  throughout 
I  the  body;  and  the  occurrence  of  foci  of  multipUcatioa  of  them  in  various 
l  organs.  2t  is  curious  that  this-  phase  in  the  white  rate  is  characterize^ 
by  approximately  the  same  degree  of  seeding  of  internal  organs  (splccr^) 

!  as  the  analogous  phase  in  guinea  pigs.  After  this  infective  dose  the 


maximum  infection  of  the  organs  and  tissues  of  the  rats  is  observed 
between  the  fourth  and  sixth  day  after  infection.  At  thie  time,  in  the 
regional  lymph  node  and  spleen  100,000-1,000,000  tularemia  bacterial 
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are  found  per  gram  of  tissue;  in  the  bloou,  100  bacteria  (Fig  20).  On 
the  .seventh  day  after  the  injection  the  infection  begins  to  subside, 
which  is  expressed  in  a  reduction  in  the  number  of  bacteria  in  the 
main  foci  involved  and  a  marked  lessening  of  the  entrance  of  bacteria 
into  the  blood.  This  turnabout  is  associated  with  the  fact  that  at  this 
time  the  immune  reactions  of  the  body  begin  to  develop,  preventing  a 
transition  of  the  phase  of  hematogenous  dissemination  to  the  phase  of 
septicemia.  The  development  of  immunity  is  indicated  by  the  appear¬ 
ance  of  antibodies  in  the  blood  on  the  seventh  day  which  rapioly  in¬ 
crease  on  subsequent  days.  The  phase  of  subsidence  of  the  infection 
lasts  approximately  15-20  days  after  injection  of  the  bacteria  and  is 
associated  with  successive  elimination  of  tularemia  bacteria  from  the 
organs.  After  the  20th  day  bacteria  are  found  in  small  quantities  chie’- 
ly  in  the  regional  lymph  nodes  and  partly  in  the  spleen.  Clinically,  at* 
this  time  the  rats  have  recovered,  which  can  be  judged  by  their  gain 
in  weight. 

The  comparatively  slight  seeding  of  the  organs  and  tissues 
of  white  rats  is  characteristic  also  of  infection  of  the  latter  with  highejr 
but  not  lethal  doses  of  the  pathogen  {A,  V.  Mashkov,  1952).  In  the  ex  • 
periments  of  American  authors  (Downs  and  coauthors,  1949),  in  white 
rats  infected  subcutaneously  with  a  dose  of  3, 600, 000  bacteria  (actual  , 
the  intensity  of  seeding  of  the  spleen  per  gram  of  tissue  reached 
1,000,000,000  and  that  of  the  blood,  10,000  microbes,  which  is  possi  > 
bly  associated  with  the  greater  virulence  of  the  American  strains. 

According  to  the  data  of  A.  V.  Mashkov  (1952),  tularemia 
infection  in  white  rats  after  injection  of  sublethal  doses  occurs  in  the 
form  of  a  granulomatous  process  which  is  of  a  benign  character,  in 
the  internal  organa  the  granulomas  were  found  two-five  days  after  in¬ 
fection,  but  no  necrotic  changes  were  noted  in  them  throughout  the  en¬ 
tire  observation  period.  Tho  resolution  of  the  inflammatory  process 
began  after  the  seventh  day*  and  at  the  end  of  the  observation  period 
only  residual  phenomena  were  encountered  in  the  internal  organs  in  the 
form  of  the  initial  stage  of  encapsulation  of  granulomas  and  the  forma j> 
tion  of  fibrillar  connective  tissue  with  minor  inflammatory  phenomenal 
Only  in  the  spleen,  along  with  the  scarring  granulomas  wore  fresh  I 
granulomas  encountered  from  time  totime.  The  absence  of  necrotic 
changes  in  the  granulomas  formed  in  the  internal  organs  of  white  rats 
as  tile  roault  of  inicctionwithsuhlothul  doses  of  fully  virulent  baclaria 
(strain  503)  has  also  been  noted  by  A;  P.  Gindin  in  his  study  of  materr 
ial  obtained  from  us,  | 

Woodward  and  coauthors  (1954)  determined  the  fact  that  • 
after  infection  of  white  rats  with  virulent  tularemia  bacteria  a  rcduc- » 
tion  occurs  in  the  amino  acid  concentration  in  the  blvcd  with  a  complete 
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j  Fig  19.  Results  of  Biological  and  Bacteriological  Examination  of  Or- 
I  gans  and  Tissues  of  White  Rats  in  Various  Periods  after  Subcutaneoua 
‘  Infection  with  a  Dose  of  10  Microbes  of  a  Virulent  Tularemia  Strain*  9 
\  the  key  is  the  same  as  for  Pig  IS. 


i  disappearance  of  three  amino  acids  (cystine*  arginine  and  phonylalan- 
|  ine)  of  the  12  present  in  a  free  form  in  the  Mood.  The  authors  ex* 
j  pressed  the  idea  that  tularemia  bacteria  in  the  liver  and  spleen  utilise 
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Fig  20.  Change  in  the  Number  of  Tularemia  Bacteria  per  Gram  of  Tis¬ 
sue  of  a  Regional  Lymph  Node  (1*  rectangles)*  Spleen  (2.  circles)  andj 
per  cc  of  Blood  (3,  crosses)  and  the  Accumulation  of  Agglutinins  in  the 
Blood  (4.  diamonds)  in  White  Rats  Infected  Subcutaneously  with  a  Dose 
of  10  Microbes  of  a  Virulent  Tularemia  Strain*  9.  The  number  of  bac 
teria  was  determined  by  the  method  of  titration  on  white  mice.  The 
figures  represent  the  actual  data;  the  lines*  extrapolations.  5.  No.  ojf 
bacteria  per  gram  of  tissue;  6.  Infection;  7.  Phases  of  the  infectious! 
process;  8.  Time  (in  days)  after  infection;  9.  Serum  agglutination 
titer* 


I  confirmed  by  the  fact  that  cystine*  necessary  for  metabolism  of  this 
!  microbe*  disappears  from  the  animal's  blood.  The  relation  of  the  def 
|  viations  in  the  quantity  of  amino  acids  in  the  blood  of  rats  to  the  develf 
’  opment  of  the  infectious  process  is  proved  by  the  fact  that  in  immune  j 
i  rats  (those  which  have  recovered)  the  injection  of  100  LD^q  did  not  ! 

|  cause  any  changes  in  the  amino  acid  content  in  the  blood.  The  injec-  ; 
tion  of  killed  virulent  bacteria  aud  living  avirulent  bacteria  in  a  dose  < 

I  of  3. 5x10^  microbes  did  not  cause  changes  in  the  quantity  of  amino  j 
acids  In  the  blood  either.  s 

i  After  subcutaneous  injection  of  bacteria  tile  full  lethal  dose 

5  (MLCD)  of  a  fully  virulent  strain  usually  amounts  to  1,CC0, 000*  000  ; 
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microbes  {according  to  the  GKI  standard)  for  white  rat3  weighing  1GG- 
150  grams.  A  dose  of  100,000,000  microbes  causes  the  death  of  only 
part  of  the  rats,  but  it  is  greater  than  the  LD^q,  whereas  a  dose  of 
10,000,000  microbes  can  be  equal  to  the  or  it  can  be  less  de¬ 

pending  on  the  strain  and  other  experimental  conditions.  Finally,  the 
dose  of  1,000,000  microbes  usually  causes  the  death  of  only  a  limited 
number  of  rats  (Table  15).  Doses  of  100,000  microbes  or  less  cause 
the  death  of  only  occasional  rats. 

Tabic  13 

Mortality  Bate  of  White  Rats  and  Time  of  Death  from  Tularemia  as  a 
Function  of  the  Infective  Dose  after  Subcutaneous  Injection  of  Virulent 
!  Strains  of  Tularemia  Bacteria  (after  O.S,  Yemelyanova  ardT.KDxoycva 
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Koto.  Strain  21  was  tooted  in  a  single  stage  throe  months  j 
after  isolation.  Strains  9  snd  503  wore  tested  several  times  at  variovjs 
periods  after  isolation.  In  the  Table  tits  data  of  these  tests,  conducted 
with  the  aim  of  determining  the  virulence  of  the  strain*  during  the  timo 
they  were  kept  in  tho  laboratory,  arc  summarised*  For  the  purpose  j 
of  preventing  attenuation  the  strains  were  maintained  by  passage*  j 
through  white  mice  (strain  9)  or  guinea  pigs  (strain  503)  and  were  kept 
in  ampules  dried  under  vacuum  conditions.  1.  Infective  dose  (micrcLa); 
Z,  Strain  21;  3.  Strain  9;  4.  Strain  503;  5.  No.  of  animals  infected;  6,; 
No.  which  died  of  tularemia;  7.  Averago  survival  time  (days);  5.  Bii-J 
Uon;  9.  Millions;  10.  Experiments  not  performed;  11.  Same.  j 
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We  have  had  repeated  opportunities  of  isolating  strains  un-f 
der  natural  conditions  in  which  the  hTLCD  for  white  rats  amounted  to 
10,000,000  and  in  rare  cases,  1,000,000  microbes. 

At  autopsy  of  the  white  rats  which  died  of  acute  tularemia 
the  marked  congestion  of  blood  vessels  of  the  subcutaneous  tissue,  in-J 
eluding  the  smallest,  as  well  as  the  enlargement  and  densificatiou  of 
the  liver  and  spleen  v/ith  the  absence  of  visible  necrotic  nodules  in  j 
these  organs  attracted  attention.  The  spleen  is  usually  dryish  on  sec-1, 
tion.  The  lymphatic  system  shews  no  visible  changes;  only  the  lymph 
nodes  regional  to  the  site  of  infection  can  be  somewhat  enlarged  or 
congested.  The  suprarenal  glands  in  a  number  of  cases  can  also  be  j 
enlarged  and  congested.  The  small  intestine  frequently  contains  yellow 
j  or  bloody  contents  which  show  through  the  walls.  On  death  of  the  rats! 
in  the  remote  periods  alter  infection  the  picture  becomes  non-charac-j 
teristic;  there  is  no  marked  congestion  of  the  blood  vessels  of  the  sub¬ 
cutaneous  tissue;  the  spleen  and  liver  are  flabby,  slightly  enlarged 
but  without  visible  necrotic  nodules;  the  lymph  nodes  arc  little  clungxl 
etc. 

A  relationship  is  noted  between  death  of  the  rats  and  the  irj 
fective  dose,  for  example,  after  the  administration  of  a  dose  of 
1,000,000,000  microbes  the  average  survival  time  of  the  rats  for  the 
three  strains  amounted  to  two-and-a -half -three  days;  from  a  dose  of  ] 
1,000,000,  four-five  days.  From  smaller  doses  death  of  the  rats  canj 
occur  in  rare  cases  before  the  20th  day,  but  sometimes  cases  in  which 
the  rats  die  after  a  long  period  (up  to  the  12th  day)  are  noted  also  after 
|  the  injection  of  such  doses  as  10,000,000  or  100,000,000  microbes,  j 
|  Cultures  from  the  spleen  and  other  organs  of  rats  which  | 

j  died  of  acute  tularemia  are  usually  positive,  but  sometimes,  particu-j 
i  larly  on  blood  culture,  growth  in  the  form  of  isolated  colonics  appear^ 
j  on  the  medium  on  the  feurth -fifth  day  or  later,  which  indicates  a  small 
|  number  of  bacteria  in  the  culture  material.  According  to  our  data, 

,  bacterioscopy  ef  organs  of  white  rats  which  died  of  acute  tularemia  is 
i  negative  in  half  of  the  cases  (57  percent),  while  in  positive  cases  bac- 
)  teria  are  found  in  the  organs  and  tissues  (spleen,  liver,  lymph  nodes, 

•  and  rarely  in  the  blood)  usually  only  in  moderate  quantities  (with  a  44+ 
j  444  evaluation  according  to  the  scale  adopted).  Tularemia  bacteria  j 

,  are  encountered  in  large  numbers  (+444)  relatively  rarely  in  rats  which 
j  die  and  chiefly  after  the  maximum  infective  dose  (1,000,000,000).  I 

•  Biological  examination  of  the  organs  of  white  rats  dying  of  tularemia  ' 

|  is  inevitably  positive,  and  the  precipitation  test  is  negative  because  J 

of  the  inadequate  quantity  of  anbgon.  j 

The  injection  of  massive  doses  of  the  pathogen  causes  the; 


development  of  an  infectious  process  in  the  rats  wl 
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of  signs  of  toxemia.  This  ia  indicated  by  rapid  death  of  the  animals 
as  well  as  the  characteristics  of  pathological  changes  of  the  organs 
and  tissues  and  the  sparaity  of  seeding  of  the  latter  with  bacteria  at  thp 
time  of  death.  A.  P.  Gindin,  who  investigated  the  organs  of  white  rats 
killed  during  the  agonal  period  50  hours  after  subcutaneous  injection 
of  a  dose  of  1,000,000,000  microbes  cf  a  fully  virulent  strain  (503)  of 
B.  tularense,  at  our  request,  found  pronounced  necrotic  lesions  of  the 
tissues  in  the  regional  lymph  nodes,  spleen  and  liver  of  the  animals 
with  an  almost  complete  absence  of  proliferative  changes  (granulomash, 
Tissue  necrosis  was  noted,  also  ih'the  heart  muscle  and  in  the  kidneys] 
and  all  this  is  evidence  of  the  predominance  of  a  picture  of  toxicosis 
and  the  suppression  of  the  defensive  reactions  of  the  macroorganism. 
Toxicosis  evidently  occurs  as  the  result  of  active  destruction  of  a 
large  number  of  tularemia  bacteria  injected  into  the  rat  under  the  in¬ 
fluence  of  the  natural  defensive  forces  of  the  body,  as  well  as  by  the 
accumulation  of  breakdown  products  of  the  latter.  Thereby,  not  all  th]e 
bacteria  are  destroyed,  and  part  of  them  continues  to  multiply.  If  thej 
rat  organism  succeeds  in  coping  with  the  infection  during  the  first 
four  days  after  infection  usually  recovery  occurs.  Thus,  in  68  cases 
where  rats  died  of  doses  of  10,000,  000  and  100, 000, 000  microbes  of 
virulent  strains  77  percent  died  in  a  period  up  to  the  fourth  day  inclu¬ 
sive.  Cases  of  death  in  rats  later  than  this  time,  apparently*  are  as¬ 
sociated  with  the  superimposition  of  additional  infection  o*  some  other 
causes  accounting  for  a  weakening  of  the  animal  organism. '  However, 
when  the  animals  survive  later  than  the  fourth  day  a  typical  septic emi  i 
develops  in  rare  cases,  and  in  the  animals  which  die  then  bacteriosco  ay 
shows  mass  seeding  with  tularemia  bacteria  (++++)  in  all  organs  and 
tissues  including  the  blood.  1 

The  initial  stages  of  attenuation  of  tularemia  bacteria  have 
a  rapid  influence  on  their  virulence  for  white  rais,  and  such  a  dose  as: 

|  1,000,000,000  microbes  is  no  longer  lethal  after  subcutaneous  injoc-f 
i  tion  or  else  produces  death  of  only  a  small  part  of  the  animals.  Cor-i 
]  respondingly,  a  dose  of  100,000,000  microbes  or  less  becomes  non- 
j  lethal  for  rats  (see  Chapter  III). 

t  The  data  presented  permit  us  to  consider  brown  rats  and 

j  the  white  laboratory  strain  of  them  highly  susceptible  but  relatively 


insensitive  to  tularemia.  The  low  degree  of  infectious  sensitivity  of 


|  white  rats  to  tularemia  is  a  species  characteristic,  even  in  young  in-< 

•  dividuals.  In  the  experiments  of  T.  N,  Dunayeva  the  majority  of  yourjg 
]  rats  weighing  40-90  grams  withstood  subcutaneous  infection  with  a  doie 
>  of  1,000,000  microbes  (two  out  of  19  animals  died  of  tularemia)  on  a  j 
!  par  with  adult  rats,  whereby  no  essential  differences  were  noted  in  thjo 
!  intensity  of  seeding  of  the  organs  of  the  y  oung  and  adult  rats  which  died 
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Characteristics  of  Tularemia  after  OtHe  r  Methods  of  In  fee  j- 
After  intranasal  injection  o£  tularemia  bacteria  it  is  possible  id 


infect  brown  rats  in  part  of  the  cases  with  a  fatal  outcome  after  doses 
of  10, 000-100, 000, 000  microbes  {A.  A.  Ay  sell,  1951),  In  the  rats 
which  died  inflammatory  changes  were  found  in  the  lungs..  Minimum- 

In  the  experiments  of  T.  N.  Dun- 


infective  doses  remained  unknown. 


ayeva,  alter  infection  .of  white  rats  by  means  of  feeding  a  bacterial 
suspension  in  a  piece  of  brea,d,  it  was  determined  that  the  minimum  irj 
fective  dose  (MID)  wa3  equal  to  1,000,000  microbes  (two  out  of  five 
rats  were  infected),  whereas  the  full,  infective  dose  amounted  to 
100,000,000  microbes  {all  of  five  rats  were  infected).  In  all  case3  tin) 


rats  survived  and  recovery  of  them  from  tularemia  was  determined 
]  bacteriologically  (biologically)  and  by  serological  methods.  The  dose  • 


i  of  100,000  microbes  did.not  cruse  infection  of  the  rats.  After  ali-  \ 

\  mentary  infection  of  the  rats  a  fatal  outcome  could  be  observed  in  therji 
after  the  administration  of  a  very  massive  dose,  for  example,  after 
feeding  the  rats  the  white  mice  which  died  of  tularemia  (A.  A.  Ayseli, 
1951).  Nevertheless,  various  rats  can  survive  even  after  eating  threej 
J  mice  (when  the  mice  weigh  between  12  and  15  grams  they  can  contain 
1  10,000,  000,000  microbes  per  gram  of  carcass,  therefore,  a  total  of 
120-150,000,000,  C00  tularemia  bacteria). 

White  rats  show  a  relatively  high  degree  of  sensitivity  to 
intraperitoneal  infection:  the  LD^q  of  a  fully  virulent  strain  amounts 
to  1,000  microbes  for  them;  the  MLCD,  100,000  microbes  (T.  N. 
j  Dunayeva). 

j  Immunity.  In  rats  which  have  recovered  from  tularemia  j 

j  a  very  strong  immunity  to  reinfection  is  found  as  well  as  specific  antir 
bodies  which  can  be  demonstrated  both  in  the  agglutination  test  and  in 
the  complement-fixation  test  (A.  A.  Ayseli,  1951).  In  "normal",  that 
t  is,  honimmunc  rats  no  antibodies  are  found  against  tularemia  bacteri^. 

!  Immunity  which  develops  after  recovery  from  tularemia  i3  sufficient 
!  to  prevent  death  in  rats  v/hen  they  arc  given  a  subsequent  injection  of 
j  several  full  lethal  doses  of  a  virulent  strain  of  tularemia  bacteria, 

|  The  formation  of  specific  antibodies  is  observed  in  the  rats'Whemtheyj 
,  are  infected  with  massive  as  well  as  with  small  doses  of  the  pathogen  J 
j  and  serves  as  a  reliable  diagnostic  sign  of  recovery  of  the  animal  frofln 
tularefnia  when  examined  at  certain  periods  after  infection.  Accord-  J 
ing  to  the  data  of  T,  N.  Dunayeva,  with  small  doses  of  a  subcutaneous 
infection  (one- 1,000  microbes)  agglutinins  usually  begin  to  be  found  in! 

:  the  blood  of  rats  on  the  sixth- seventh  day,  but  the  serum  titers  at  this; 

|  time  do  not  exceed  1:20.  Antibody  production  reaches  the  maximum  j 
I  at  the  beginning  of  the  third  week  after  infection,  then  lessens,  and  axj- 
!  ter  40 -.days,  in  part  of  the  rats  agglutinins  n  re  not  found  ev^n  in, a  serujn 
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dilution  o£  1:5.  In  response  to  the  injection  of  massive  doses  of  bac¬ 
teria  (1,000,000-100,000,000  microbes),  in  cases  of  survival  the  rat 
organism  responds  with  an  accelerated  and  active  antibody  production, 
which  reaches  a  maximum  as  early  as  the  10th  day  after  infection;  on 
the  15th  day  it  begins  to  decrease,  but  on  the  40th  day  agglutinins  are 
found  in  all  animals  in  serum  dilutions  of  1:5-1:80  (Fig  21).  Evidently, 
differences  are  associated  with  the  fact  that  in  the  latter  case  a  large 
quantity  of  antigen  enters  the  body  at  one  time,  and  further  accumula¬ 
tion  of  it  from  bacterial  multiplication  occurs  in  a  short  time,  wherea* 
in  the  former  case  antigen  can  accumulate  during  the  course  of  devel-  • 
opment  of  the  infectious  process  only  later  and,  evidently,  in  smaller 
quantities  than  in  the  latter  case.  With  a  large  infective  dose  the  maxi¬ 
mum  antibody  level  is  notably  higher  (average  titer  is  1:250)  than  after 
a  small  dose  (1:130),  which  indicates  the  relationship  of  antibody  pro¬ 
duction  to  the  quantity  of  antigen.  After  intrape ritoneal  infection  in 
rats  high  agglutination  titers  of  the  sera  were  observed  (up  to  1:160) 
even  50  days  after  infection  with  comparatively  small  doses  of  the  path¬ 
ogen  (100-1,000  microbes).  On  the  average,  they  amounted  to  1:74. 
This  indicates  more  complete  survival  of  the  bacteria  in  tl  is  method 
of  infection,  which  is  confirmed  by  the  reduction  in  the  MLCD. 

In  contrast  to  antibody  production,  a  clear-cut  allergic  re¬ 
action  of  the  skin  to  the  injection  of  the  tularemia  antigen  is  not  char¬ 
acteristic  of  white  rats,  and  this  method  cannot  be  used  for  determin¬ 
ing  immunity  to  tularemia  in  rats  (T.  A.  Kalitina,  1956;  T.  N.  Dun- 
ayeva).  Only  in  a  few  rats  maximally  immune  to  tularemia  can  a 
small  infiltration  of  the  skin  be  found  without  hyperemia  24  hours  afte:: 
the  intradermal  injection  of  tularin. 

Elimination  of  tularemia  bacteria  fxom  the  bodies  of  rats 
which  recover,  as  determined  by  the  biological  testmethod  on  white 
mice,  occurs  in  a  relatively  short  time,  being  completed  by  the  40th 
day  in  the  great  majority  of  rats  (A,  A.  Ayseli,  1951;  T.  N.  Dunayevs  ). 
However,  in  occasional  rats  this  process  of  elimination  of  tularemia 
|  bacteria  can  drag  on  and  may  not  be  completed  until  the  117th  day.  Ths 
j  rarity  of  this  phenomenon  is  proved  by  the  fact  that  in  73  rats  (57  bram 
!  and  16  white)  a  total  of  three  cases  of  lingering  bacterial  carriage  wad 
|  recorded  --  for  more  than  50  days  (A,  A,  Ayseli).  In  the  rats  which) 
recover  from  tularemia  immunity  to  a  second  infection  with  a  known  j 
lethal  dose  of  a  virulent  strain  continues  to  be  maintained  even  after  ) 
the  organism  is  free  of  tularemia  bacteria,  for  example,  in  the  expert* 

!  iments  of  N,  G.  Olsuf’yev  and  coauthors  (1957). immunity  was  studied 
:  up  to  six  months  (the  observation  period)  in  rats.  Therefore,  in  white 
I  rats  which  have  had  tularemia  immunity  regularly  goes  into  the  posfc- 
;  infectious  (sterile)  phase,  which  is  much  longer  lasting  that  its  infectious 
phase. 
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Fig  21.  Dynamics  of  Agglutinins  in  the  Blood  of  White  Rats  after  Sub-! 
cutaneous  Infection  with  Doses  of  1,000,000-100,000,000  (1)  and  1- 
1, 000  microbes  (2)  of  a  Virulent  Tularemia  Strain,  9;  3.  Agglutinatioin 
titer  of  sera;  4.  Time  (in  days)  after  infection. 


Experimental  Tularemia  in  Rabbits 

*  Even  the  first  investigators  of  tularemia  in  the  USSR,  S. 

V,  Suvorov,  A.  A.  Vol'ferts  and  M.  M.  Voronkova  (1928),  directed 
attention  to  the  lower  sensitivity  of  rabbit3  to  tularemia  than  guinea 
pigs  and  white  mice.  The  possibility  of  reproduction  of  infection  in 
rabbits  accompanied  by  recovery  even  after  relatively  large  doses  of 
infection  with  a  virulent  culture  as  well  as  the  convenience  of  observa|- 
tion  of  the  development  of  the  immunological  reactions,  particularly  I 
antibody  production,  attracted  the  attention  of  Soviet  investigators  to  j 
this  species  of  animals  as  an'  experimental  model  for  tularemia  (A.  A.; 
Miller  and  N.  K.  Grzhobina,  1937;  P.  V,  Somov,  1939;  B.  Ya.  El1-  j 
bert  and  N.  A.  Gayskiy,  1941;  L.  M,  Khatenever,  1943;  V.  P,  Dzhan- 
poladova,  1948  and  others),  A  major  obstacle  in  working  with  rabbits! 
is  their  frequent  infection  with  pasteurellosis,  coccal  and  other  infee -j 
bttau* ,  digens  .ocAVU”'*.ing.ihja.  latent,  manner,  ..urc-cxacerbatodl 
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under  the  influence  of  tularemia  infection  and  distort  the  results  c£  the 
experiment. 

Characteristics  of  Tularemia  in  Subcutaneous  and  Intra- 
dermal  Methods  of  Infection.  After  the  infection  of  rabbits  with  modej 
ate  and  small  doses  of  a  fully  virulent  strain  of  tularemia  bacteria  the 
animals  usually  recover.  A  dose  of  one  microbe  of  a  fully  virulent 
strain  after  subcutaneous  and  intradermal  injections  is  infective  for 
all  animals  used  in  the  experiment  (T.  N.  Dunayeva).  The  possibility 
of  subcutaneous  infection  of  domestic  rabbits  with  a  dose  of  one  micro' 
has  been'pointed  out  in  the  work  of  P.  V.  Somov  (1939). 
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Fig  22.  Temperature  Changes  (Solid  Line)  and  Weight  Changes  (Brok 
en  Line)  in  Domestic  Rabbits  after  Subcutaneous  Infection  with  a  Viru¬ 
lent  Tularemia  Strain,  A.  With  an  acute  course  of  the  disease  (with 
a  fatal  outcome)  after  the  administration  of  a  dose  of  1,000, 000, 000 
microbes.  B.  With  a  subacute  course  of  the  disease  (eventuating  in 
recovery)  after  injection  of  a  dose  of  100,000,000  microbes.  1.  Tern 
perature;  2.  Infection;  3.  Rabbit  No;  4.  Death;  5.  Days;  6,  Weight 
in  kilograms;  7.  Agglutination  test;  8.  Survived, 


I  In  the  infected  rabbits  an  objective  expression  of  the  dis-  j 

|  ease  is  an  elevation  of  body  tempo  raturo  (found  on  rectal  measurement) 
|  and  a  decrease  in  weight,  and  during  tho  recovery  period,  the  finding  > 
i  of  specific  antibodies  which  are  maintained  for  a  long  time  (Fig  22).  j 
j  According  to  the  data  of  T.  N.  Dunayova,  after  subcutaneous  infectionj 
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with  a  dose  of  10  mic robes  the  elevation  os  body  temperature  (above  t 
39.5°)  is  noted  in  rabbits  beginning  with  the  third-fifth  day  after  infee •» 
tio.i  and  is  maintained  three-six  days,  after  which  it  drops  to  normal;  j 
the  highest  elevation  of  the  body  temperature  is  40.  5°.  After  infection 
with  a  dose  of  one  microbe  elevation  of  the  body  temperature  is  not  oo t 
served  in  all  rabbits  and  may  be  brief,  sometimes  only  one  day.  After 
intradermal  injection  of  minimum  doses  (10-100  microbes),  along  with 
elevation  of  body  temperature  at  the  application  site,  an  infiltrate  and 
hyperemia  measuring  5x5  to  10x12  millimeters  appear  on  the  third- 
fourth  day.  The  local  reaction  can  be  maintained  for  more  than  a 
month  in  the  form  of  a  slight  donsification  with  a  small  encapsulated 
necrotic  focus.  In  rabbits  infected  with  a  dose  of  one  microbe,  inflam¬ 
matory  changes  in  the  skin  are  less  pronounced  and  are  resorbed  more 
j  rapidly,  on  the  10th-20th  day.  The  bacteriology  of  the  tularemic  proc  - 
j  ess  in  rabbits  has  not  been  studied  after  sublethal  doses. 

In  the  subcutaneous  method  of  injection  of  bacteria 
a  dose  of  1,000,000,000  or  10, 000, 000,000  microbes  of  fully  viru¬ 
lent  strains  is  usually  only  the  2.1LD  but  not  the  MLCD  for  rabbits 
weighing  over  two  kilograms,  that  is,  the  animals  sometimes  survive 
after  these  doses  (Table  14). 

I  Table  14 


Mortality  Rate  of  Domestic  Rabbits  and  Time  of  Death  from  Tularemi; 
as  a  Function  of  the  Infective  Dose  after  Subcutaneous  Injection  of  the 
Virulent  503  Strain  of  Tularemia  Bacteria  (after  T.N.Dtmyeva 

andO.S,  Yemcl'yanova) 
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1.  Infective  dxo  (microbes);  2.  No,  of  rabbits  infected;  3,  No.  which! 
died  of  tularemia;  4.  Survival  time  (days);  5,  Average  survival  time  \ 

(days);  6.  Million;  7.  Bulion. 


2  5,  7 

2  3,  4 

7  3,  3,  3,  4, 

5.  6.  9 

12  ‘2,  2,2,  2,! 

i  2,  3,  4,  4, 

i  4,  4,  7 


In  the  data  presented  the  dose  of  100,000,000  microbes 
amounted  to  the  IJD 25  A>ut  usually  it  is  the  LD50* 

We  know  of  only  very  few  strains  which  caused  the  death 
of  all  animals  used  in  the  experiment  ir\  a  dose  of  100,000,00  (or  highj 
er)  (see  Chapter  HI,  Table  IX).  IX'ses  of  10,000,000  microbes  or  less 
cause  the  deaths  of  only  occasional  animals.  After  infection  with  largjj 
and  small  doses  of  the  pathogen  the  possibility  should  be  anticipated 
of  occurrence  of  mixed  infections  (pasteurellosis  and  others)  provoke^ 
by  this  infection.  In  such  a  case,  a  fatal  outcome  can  occur  after  the 
injection  of  minimum  doses  of  tularemia  bacteria.  After  the  subcutan¬ 
eous  injection  of  massive  doses  (1,  000,000,000-10,000,00,000)  of  a 
fully  virulent  strain  of  tularemia  bacteria  rabbits  usually  die  in  a  short 
time,  on  the  average  two -five  days  after  infection,  and  only  in  a  few 
cases  does  this  time  drag  on  to  10-12  days.  After  infection  with  a  dose 
of  100,000,000  microbes  the  rabbits  usually  die  after  three-six  days, 
but  occasional  animals  can  die  later,  up  to  the  10th  day.  We  know  of 
rare  cases  of  death  in  rabbits  even  12-24  hours  after  infection  with  a 
dose  of  10,000,000,000  microbes. 

The  comparatively  short  survival  time  of  rabbits  after  in-| 
jection  with  massive  doses  of  the  pathogen  as  well  as  the  absence  of 
necrotic  nodulea  in  the  organs  in  such  cases  indicate  the  predominancy 
of  toxicosis  as  the  cause  of  death.  This  phenomenon  is  similar  to  whsjt 
is  observed  in  white  rats.  In  rabbits  dying  of  tularemia  in  a  short 
time  (one-four  days)  a  very  marked  hyperemia  is  noted  of  the  blood 
(  vessels  of  the  subcutaneous  tissue,  hemorrhage  into  the  lymph  nodes,] 
enlargement  and  densification  of  the  spleen  and  liver.  In  the  case  of 
longer  survival  times  hyperemia  of  the  subcutaneous  blood  vessels  is 
lees  marked;  the  reaction  of  the  regional  lymph  nodes  on  the  side  of 
the  infection  is  greater  and  is  expressed  in  an  enlargement  and  densi¬ 
fication  of  them,  and  in  some  cases  the  formation  of  areas  of  necrosii. 

S  The  spleen,  liver,  lunge  can  have  disseminated  necrotic  nodules.  His 
!  tologic  changes  found  in  the  organs  of  rabbits  dying  of  tularemia  are 
I  similar  to  those  in  guinea  pigs  (V.  N.  Kartashova,  1935;  S.  V.  Kag- 
|  ramanov,  1943), 

;  A  culture  from  the  organs  of  rabbits  dying  even  on  the 

j  third-fifth  day  can  remain  sterile  and  for  the  purpose  of  isolating  the 
I  culture  it  is  necessary  to  resort  to  biological  tests.  According  to  thoj 
I  data  of  T.  N.  Dunayeva,  on  bacteriological  examination  of  the  organs  of 
j  13  rabbits  which  died  of  tularemia  cultures  from  the  regional  lymph  I 
I  nodes  were  positive  in  nine  rabbits;  of  the  spleen,  in  seven;  of  the  liy* 
j  er,  in  three;  of  the  lung,  in  two;  of  the  blood,  in  two.  In  a  number  ojf 
1  cases  the  growth  was  sparse,  and  appeared  between  the  third  and  ninth 
!  days  of  incubation,  hi  a  rabbit  which  died  on  the  seventh  day  after  in- 


fection  with  a  dose  of  10, 000,000, 000  microbes  it.  wan  determined  by 
titration  on  white  mice  that  the  seeding  of  the  spleen  was  with  100,000 
tularemia  bacteria  per  gram  of  tissue.  Bacterioscopy  of  the  organs  o ' 
animals  dying  of  tularemia  usually  is  negative,  which  is  in  agreement 
with  the  relatively  moderate  seeding  of  organs  and  tissues  of  the  rabbit 
even  at  the  time  of  death. 

In  rabbits  dying  in  a  period  of  less  than  a  day  after  subcu¬ 
taneous  infection  with  a  massive  dose  of  a  virulent  strain  bactcrioscoiy 
of  the  smears  from  the  organs  {spleen,  lymph  node)  may  be  positive  in 
a  number  of  cases,  including  bacteria  which  can  be  found  in  blood 
smears  in  some  rabbits  (N.  G.  Olsuf  !yev  and  Ye.  N.  Tolstukhina, 

1949).  The  bacteriology  of  tularemia  in  rabbits  after  subcutaneous  in- 
|  fection  with  a  lethal  dose  (the  dose  was  not  indicated  by  the  authors) 
has  been  studied  by  I.  S.  Tinker  and  M.  S.  Drozhevkina  (1948).  How¬ 
ever,  for  the  purpose  of  detecting  the  bacteria  and  determining  their 
numbers  they  used  an  inadequately  sensitive  method  of  culture  on  li¬ 
quid  egg  yolk  medium;  therefore,  the  rate  of  spread  of  the  bacteria  ir 
the  rabbit  organism  after  infection  with  a  lethal  dose  as  well  as  the 
quantitative  indices  of  seeding  of  the  tissues  at  different  stages  of  the 
development  of  the  infectious  Process  are  apparently  too  low. 

Y.  P.  Dzhanpolauova  (1947)  points  out  that  after  subcutan¬ 
eous  infection  of  rabbits  with  doses  of  10  to  100,000  microbes  of  a  viru¬ 
lent  strain  leukocytosis  is  noted  in  the  animals  with  a  benign  course  o: ' 
the  disease  (two-four-and-a-half  times  greater  than  normal).  In  som  s 
rabbits  it  reached  the  maximum  on  the  fourth  day  after  infection;  in 
others,  on  the  10th- 12th  day;  in  ono  rabbit,  only  on  the  19th  day.  The 
white  blood  count  gradually  returned  to  normal,  usually  on  the  12th- 
17th  day*  In  two  severely  sick  rabbits  and  in  one  which  died  leukopen  a 
was  noted,  hi  a  later  work  (Y.  P.  Dzhanpoladova,  1951)  it  was  pointed 
j  out  that  leukocytosis  in  rabbits  is  the  result  of  an  increase  in  the  abso¬ 
lute  pseudoeosinophil  and  lymphocyte  counts  with  tho  absence  or  smal . 
numbers  of  eosinophils. 

Characteristics  of  Tularemia  after  Other  Methods  of  Infec¬ 
tion.  Rabbits  are  almost  as  susceptible  to  aspiration  infection  as  to 
subcutaneous.  For  example,  in  the  experiments  of  N.  G.Olsuf'yev 
and  0*  S,  Yemel'yanova,  after  a  vory  fine  spray  of  a  suspension  of  a  I 
virulent  tularemia  strain,  503  (in  the  form  of  a  mist)  in  a  chamber,  > 

{  aspiration  infection  of  the  rabbits  was  obtained  from  doses  totalling  I 
several  microbes  (from  three  to  six)  according  to  tho  GKI  optical  stand- 
j  ard.  Higher  doeea  caused  infection  in  rabbits  in  all  cases  also.  With 
{  small  doses  the  rabbits  easily  became  sick  and  rapidly  recovered,  but 
]  with  increase  in  the  dose  the  severity  of  the  process  increased,  and  j 
I  after  the  aspiration  of  60,000  microbes  on 3  of  the  rabbits  died  on  the  j 


13th  day  with  signs  of  a  total  tularemic  pneumonia.  La  the  rabbits  which, 
recovered  necrotic  changes  were  found  in  the  lungs;  the  intensity  of 
them  to  some  degree  v/as  proportional  to  the  infective  dose.  In  the 
blood  of  all  rabbits  which  recovered  there  were  agglutinins  to  F.  tular- 
ensis.  These  experiments  showed  that  the  ouperimposition  of  inter¬ 
current  infections  on  the  tularemic  process  because  of  the  presence  of 
commensal  microbes  in  the  respiratory  tract  {for  example,  pasteurel* 
las)  can  markedly  alter  the  course  of  the  disease,  making  it  more  sev* 
ere  and  with  a  fatal  outcome  even  after  infection  with  a  relatively  sma  1 
dose. 

.Experiments  of  conjunctival  and  intraocular  infection  of 
rabbits  were  performed  by  O.  A.  Dudinov  (1940).  (D.  A.  Golov  pre¬ 
pared  the  culture  for  infection  and  generally  observed  the  course  of  th* 
experiments).  The  animals  were  injected  with  relatively  large  doses 
which,  however,  were  inadequately  standardized,  because  the  number 
of  bacteria  introduced  was  calculated  per  portion  of  the  culture  taken 
up  from  the  coagulated  egg  yolk  medium  with  a  platinu  u  loop.  In  a 
number  of  experiments  the  rabbits  were  infected  with  1/10  loop  (which 
probably  amounts  to  no  less  than  10, 000, 000  microbes  by  the  GKI 
standard);  in  others,  with  1/100  of  a  loop.  In  all  cases,  the  rabbits 
tocame  sick  and  part  of  the  animals  died  of  tularemia.  After  conjunc<  ■ 
tival  infection  edema  of  the  lids,  nodular  lesion t.  of  the  conjunctivae 
were  observed  which  later  changed  into  necrotic  foci  located  on  the 
retrotarsal  fold,  copious  purulent  excretion  during  the  first  week  and 
sparser  excretion  in  the  subsequent  period.  The  eyes  began  to  suppui  - 
ate  on  the  14th- 18th  day  of  the  disease.  The  resolution  of  tho  inflam¬ 
matory  changes  in  the  eyes  was  completed  in  the  fourth-fifth  week  in 
cases  in  which  the  rabbits  recovered.  A  biological  examination  (biol- 
\  ogical  tests  on  mice)  of  tits  excretions  of  the  affected  eye  showed  F. 

[  tularensis  continuously  until  20  days  after  tho  infection.  From  the 
j  20th  through  the  24th  day  only  one  examination  out  of  four  wat  positive , 

!  which  was  evidence  of  the  fact  that  tularemia  bacteria  had  boon  com- 
i  pletoly  eliminated  from  the  eye.  After  the  24th  day  the  observations 
j  were  stopped.  After  tits  introduction  of  a  bacterial  suspension  into  th  t 
j  cornea  the  involvement  of  the  eye  developed  in  a  manner  similar  to 
j  interstitial  koratitis  localised  to  tits  area  of  infection.  After  healing 
•  an  inconstant  leukoma  was  noted,  Tho  rabbits  became  most  severely 
I  ill  after  the  intraocular  method  of  infection.  Part  of  the  animals  died' 

:  of  tularemia  on  the  fifth -11th  days;  the  others  were  killed.  Intraocu- 
!  lar  infection  was  associated  with  a  severs  deformity  of  the  eye  up  to  : 

:  the  point  of  rupture  of  the  eyeball.  j 

j  Rabbits  show  much  greater  sensitivity  to  intravenous  infec- 

\  tion  than  to  subcutaneous.  In  She  experiments  of  L.  M.  Khatenevor  j 
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(according  to  the  archive  dnta  of  the  aiHremia  laboratory),  the  IvlJLCDj 
on  intravenous  injection  of  a  virulent  culture  into  rabbit  j  was  equal  to 
10, 000, 000  microbes;  on  subcutaneour  mjociion,  1,000,000,000.  In 
the  experiments  of  the  same  author  with  another  strain  the  rabbits  dieU 
after  the  intravenous  injection  of  doses  of.  10,000  ar.d  100,000  microbes 
and  survived  after  subcutaneous  infection  with  doses  of  100, 000,  000  j 
and  1, 000, 000, 000  microbes  (L.  M.  Khatcnevcr,  1943).  These  data 
clearly  show  the  presence  of  barriers  to  the  passage  of  uacteria  into 
the  internal  organs  from  the  subcutaneous  tissue  in  which  they  are  in-j 
jected.  According  to  the  data  of  O.  S.  Yemel'yanova  a  dose  of  1,000 
microbes  of  fully  virulent  strains  on  intravenous  injection  is  not  letha^ 
to  the  rabbit.  In  the  third  week  high  agglutination  titers  are  found  in 
them.  The  author  considers  this  method  of  infection  convenient  for 
1  obtaining  agglutinating  YiO  sera  (see  Chapter  III). 

Immunity.  Recovery  from  disease  caused  by  infection  wit) 
sublethal  doses  of  tularemia  microbe  confers  a  quite  strong  immunity 
against  repeated  infection  on  the  rabbits  (subcutaneous,  intrade rmal 
infection,  etc,)  with  several  lethal  doses  of  the  virulent  strain  (1».  M.- 
Khatenever,  Y.  P.  Dzhanpoladova).  If  the  dose  injected  is  not  ex¬ 
cessively  large  with  respect  to  the  number  of  microbes  contained  in 
*  it,  the  rabbits  usually  react  to  a  second  infection  only  with  a  slight  and 
brief  temperature  elevation  as  well  as  a  limited  local  reaction.  Ac-  j 
cording  to  the  data  of  V.  P.  Dzhanpoladova  (1949),  immunity  in  rabbits 
which  have  had  tularemia  is  first  nonste rile  but  then  becomes  sterile  | 
j  and  can  be  retained  for  three  years,  which  is  not  the  limit.  The  authqr 
j  points  out  that  rabbits  in  various  cases  can  remain  bacterial  carriers  j 
i  up  to  one  year,  j 

The  elimination  of  bacteria  from  the  bodies  of  the  majority 
of  rabbits  which  recover  is  apparently  completed  at  the  same  time  ait  j 
■  in  whito  rats,  that  is,  usually  between  the  30th  and  40th  day  after  in-  ; 
i  faction.  In  one  of  the  experiments  of  L.  M.  Khatcnevcr  30-60  days  j 
!  after  infection  the  pathogen  was  found  in  the  organs  (by  the  biological  j 
j  method)  in  only  four  out  of  10  rabbits  which  recovered  from  tularemia]. 
In  an  experiment  with  aspiration  infection,  on  an  examination  made  on 
|  the  20th  day  after  inhalation,  tularemia  microbes  were  found  in  all  j 
four  rabbits  used,  and  after  30  days  this  result  was  obtained  in  only  ; 

‘  two  rabbits  out  of  the  four  which  recovered  (N.  G*  OUuf'yev  and  O.  S. 

!  Yemel'yanova).  hi  the  experiment  of  subcutaneous  infection  with  dose's 
of  1,000  to  100,000,000  microbes  of  strain  503  bacterial  carriage  was 
:  found  in  four  out  of  eight  rabbits  which  recovered  after  24-30  days  * 

;  (O.  S.  Yemel'yanova).  In  another  experiment,  with  a  similar  isucc-  . 
tion  of  the  rabbits  using  doses  of  10, 000,  COO-  i,  C0C,  000,  GOe  microbaa 
*  of  fully  virulent  strains  bacteria  w*  re  found  after  6o  d,-.y„  It.  only  one  > 
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of  the  13  animals  which  recovered  (O.  S.  Yemel'yanova  and  T.  N.  Du.-!- 

ayeva). 

During  the  course  of  development  of  the  infection  (when  it 
has  a  benign  course)  an  allergic  reorganization  of  the  body  occurs  in 
the  rabbits  which  is  readily  detectable  by  the  intradcrmal  tularin  test; 
also,  active  pi*oduction.  of  antibodies  is  noted  which  are  found  in  the 
agglutination,  precipitation  and  complement-fixation  tests.  It  is  also 
possible  to  show  an  increase  in  phagocyte  activity  as  demonstrated  by 
means  of  performance  of  the  opsonocytophagic  test.  In  nonimmune 
rabbits  antibodies  to  tularemia  bacteria  are  entirely  absent. 

For  the  purpose  of  studying  the  development  of  the  immun¬ 
ity  reaction  rabbits  together  with  guinea  pigs  constitute  exceptionally 
convenient  laboratory  models.  With  minimum  doses  of  subcutaneous 
or  intradermal  infection  (1-10-100  microbes)  of  a  virulent  culture  ag¬ 
glutinins  begin  to  be  found  in  the  blood  of  rabbits  after  the  10th  day 
from  the  beginning  of  the  experiment,  and  on  the  20th  day  the  serum 
titers  can  reach  1:1280-1:2560,  but  even  on  the  30th  day  they  drop,  on 
the  average,  by  two  times  (T.N.Dunaycva).  Approximately  the  same 
figures  have  been  noted  in  the  experiments  of  V.  P.  Dzhanpoladova 
(1948).  With  massive  doses  of  subcutaneous  infection  of  a  virulent 
tularemia  culture  agglutinins  begin  to  be  found  in  the  rabbits  on  the 
sixth-seventh  day  and  sometimes  on  the  fourth -fifth  day  and  reach  a 
maximum  on  the  12th- 14th  day  (L.  M.  Khatenever,  1943;  O.  S.  Yenv 
!  el'yanova).  The  serum  titers  usually  reach  1:640-1:1280;  '.ess  often, 

!  1:2560.  Reduction  of  them  is  noted  sifter  the  20th-25th  day,  but  even 
j  after  two  months  they  can  amount  to  1:400,  on  the  average.  Antibody 
production  in  the  rabbits  is  therefore  subordinate  to  the  tame  rules 
and  regulations  as  in  white  rats.  Xn  other  experiments,  using  subcu¬ 
taneous  Infection  with  sublethal  doses,  L.  M.  Khatenever  established 
j  the  fact  that  agglutinins  are  found  in  the  rabbits  up  to  two  years  (tine 
!  observation  period  was  indefinitely  long), but  the  soruin  titers  wore,  o  i 
;  tho  average,  1:20. 

I  The  data  of  A.  Y.  Mashkov  (1946)  are  interesting;  he  use  l 

j  a  modified  (more  sensitive)  method  of  agglutination  and  found  antibod- 
j  ies  in  rabbits  beginning  with  the  third-fourth  day  after  infection  with  i 
j  a  virulent  strain  (the  dose  is  not  indicated).  In  the  third  week  the  serj» 

I  urn  titers  reached  1:1600-1:5000;  later,  they  began  to  decrease,  AcJ 
I  cording  to  the  data  of  the  same  author  tho  skin  allergic  reactivity  of  J 
rabbits  infected  with  a  sublethal  dose  of  a  virulent  strain  is  found  after 
J  the  sixth-seventh  day  (by  the  injection  of  the  usual  dose  of  tularin),  f 
j  Xn  rabbits  which  have  recovered  from  tularemia  V.  P*  j 

|  Dshanpoladova  (1948)  found  allergic  reactivity  for  a  year  (tho  obaerva- 
.  tion  period),  whereby  six  months  after  infection  the  reaction  at  the  1 


injection  site  of  tularin  was  weaker  than  after  a  month.  The  experi¬ 
ence  of  our  laboratory  shows  that  for  the  purpose  of  detecting  skin  al¬ 
lergic  reactiv  ty  in  rabbits  it  is  best  to  use  tularin  containing 
1*000,000,000  microbes  per  re,  that  is,  to  inject  9  close  of  allergen  j 
intradcrmally  10  times  greater  than  is  usually  used  in  medical  prac-  i 
tice.  B.  Ya.  El’bert  and  N.  A.  Gayskiy  (194-1}  used  a  quintuple  dose  ; 
of  allergen  in  rabbits  for  these  purposes  (50,000,000  microbes  were 
injected  in  0. 1  cc). 

In  the  sera  of  rabbits  which  recovered  from  tularemia  V. 

P.  Dzhanpoladova  (1943)  detected  prccipitins.  Usually,  the  sera  re¬ 
acted  only  with  undiluted  antigen.  The  prccipitins  were  found  in  the 
rabbits  for  nine  months  after  infection,  and  in  one  rabbit,  after  12 
months,  but  chiefly  in  those  cases  where  the  agglutination  titer  of  the 
sera  being  studied  was  1:100  or  higher.  The  same  author  found  com¬ 
plement-fixing  substances  in  the  sera  of  rabbits  in  the  first  four  montas 
after  their  recovery.  V.  P.  Dzhanooianova  (1949)  describes  phagocy4 
tosis  in  rabbits,  which  she  observed  in  vitro  by  performing  the  opson4 
ocytophagic  test,  and  in  vivo  by  studying  blood  smears  of  animals  j 
which  recovered.  In  the  latter  case  the  author  showed  pha go cy tired  | 
bacteria  in  "polymorphonuclear  neutrophilic  leukocytes  and  loss  often; 
in  monocytes".  Phagocytosis  was  readily  found  in  rabbits  beginning} 
with  the  14th  day  until  the  30th  day  after  infection;  in  ever/  field  therjs 
were  three-seven  phagocytes  and  in  every  leukocyte  there  were  30-60| 
bacteria,  "but  sometimes  so  many  it  was  impossible  to  count".  In  j 
another  work  (1947)  Dahanpoladova  reported  that  on  the  examination  of 
|  smears  of  two  rabbits  killed  four  months  after  infection  (the  doso  and; 
the  strain  are  not  mentioned)  she  found  a  large  number  of  phagocytizcd 
bacteria  in  the  spleen  —  in  macrophages;  and  in  the  liver,  in  tho  ! 

Kupffer  colls.  In  every  field  thore  were  three  to  five  phagocytes  j 

"packed  with  tularemia  bacteria".  A  negative  result  of  cultures  from 
both  rabbits  as  well  as  failure  of  biological  examination  of  the  organs 
of  one  of  them  cause  us  to  doubt  that  the  author  actually  obsorved 
j  phagocytosis  rather  than  degenerative  granulation  of  coils.  Similarly, 
j  we  have  reason  to  doubt  a  number  of  other  observations  by  the  author 
«  on  phagocytosis  in  tularemia  of  rabbits  in  view  of  the  fact  that  these  j 
1  investigations  were  made  with  the  use  of  selective  staining  of  tularemV 
ia  bacteria  (Rotn&nowsky-Ciemsa  staining  used  by  the  author  Is  inado- 
j  quats  for  these  purposes)  and  were  not  accompanied  by  bacteriologic¬ 
al  studies  which  proved  them.  i 


v  Rules  and  Regulations  of  Pathogenesis  of  Experimental  Tularemia  i 

|  * 

•  The  data  presented  on  experimental  iuUramU  laboratory 
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animale  permit  making  certain  gene ruinations ,  despite  the  partial 
gaps  in  the  study  of  it  in  various  species,  particularly  in  rabbits. 

Of  the  species  cf  animals  analysed  white  mice  are  most 
susceptible  and  most  sensitive  to  tularemia.  The  sensitivity  of  guinea! 
pigs  to  tularemia  is  somewhat  less  than  that  of  white  mice,  although  the 
end  result  of  the  infection  with  a  fully  virulent  svirain  is  the  same  --  j  h 
death.  The  difference  lies  in  the  fact  that  the  guinea  pigs  die  after  a  j  V 
longer  time,  and  the  seeding  of  the  internal  organs  'and -tissue 3  ana  par¬ 
ticularly  of  the  blood  in  guinea  pigs  is  less  at  the  time  of  death  than  in] 
white  mice.  This  indicates  the  fact  that  the  infectious  process  in  guinj-. 
ea  pigs  is  partially  inhibited  by  the  natural  defensive  forces  of  the  body, 
whereas  in  white  mice  the  body  is  practically  defenseless  dgainst  in-  j 
vasion  and  multiplication  or  tularemia  bacteria.  White  rats  and  rabbil-3 
are  very  much  different  from  the  highly  sensitive  white  mice  and 
ea  pigs  in  their  low  degree  of  sensitivity  to  tularemia'  (the  difference 
is  approximately  100,000,000  or  1, 000,000, 0.00  times),  whereas  they 
are  similar  to  each  other  in  this  characteristic,  Rabbits  are  some¬ 
what  more  -resistant,  which  is  seen  from  a  determination  of  the  MLCEj. 
The  different  relations  of  laboratory  animals  to  tularemia  infection  is 
•a  specie  a  characteristic. 

In  spite  of  the  dissimilarity  in  the  infectious  sensitivity  of 
the  guinea  pig  and  white  mice,  on  the  one  hand,  from  that  of  the  white 
rat  and  rabbit,  on  the  other,  the  degree  of  their  susceptibility  to  tular 
emia  infection  (that  is,  the  ability  to  beedme  infected)  i.3  very  close, 
and  in  a  number  of  cases  is  the  same:  any  of  the  species  which  we  ar; 
analyzing  can,  in  practice,  be  infected  by  the  subcutaneous  or  intra- 
dermal  injection  of  a  dose  of  one  microbe  according  to  the  GKI  opticalj 
standard.  ] 

Study  of  the  infectious  process  in  various  species  of  ani- 
j  mals  makes  it  possible  to  divide  it,  based  chiefly  on  bacteriological 
:  characteristics,  into  the  following  phases:  I  --  adaptation;  II  --  reg- 
;  ional  infection;  III--  hematogenous  dissemination  and  focal  spread 
|  of  the  infection;  IV  --  septicemia,  and  in  case  of  recovery  IVa  -- 
|  subsidence  of  the  infection  (Fig  23),  This  schema  is  the  same  as  that 
I  of  P.  F.  Zdrodovskiy,  which  he  proposed  for  brucellosis,  with  the 
j  difference  only  that  we  have  subdivided  the  phase  of  generalized  infec4 
I  tion  into  two  phases:  a)  hematogenous  dissemination  and  focal  spread! 
j  of  the  infection;  b)  septicemia.  Clinical  observations  give  us  the  basr 
I  i.t  for  subdividing  the  phases  of  hematogenous  dissemination  and  focal! 

!  spread  of  tho  infection  into  its  initial  part,  a3  bactcriemic  (toxemic) 

>  and  its  subsequent  part,  as  being  allergic  (see  Chapter  VII),  A  more  ( 

,  thorough  study  of  the  pathogenesis  of  tularemia  in  laboratory  animals  j 
will  probably  also  permit  confirmation  o 
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C  of  the  allergic  phase  may  be  evidenced  by  a  positive  skin  test  with  an 
‘allergen. 

Our  subdivisions  of  the  infectious  process  to  a  certain  de¬ 
gree  coincide  with  the  schema  of  I.  N.  Mayskiy  (1949,  1953)  which  he 
developed  mainly  as  applied  to  tularemia  in  man.  lie  distinguished  the 
following  phases:  1.  Adaptation;  2.  Byvnphatic  defense  reaction;  3. 
Bactericmia;  4.  Focal  lesions;  5.  Convalescence.  This  schema 
docs  not  stand  up  nomenclature -wise;  for  example,  in  some  cases  the 
names  of  the  phases  are  given  on  the  basis  of  a  bacteriological  char¬ 
acterization  of  the  process  (adaptation  phase  and  phase  of  bactericmia);- 
in  others,  based  on  pathophysiological  and  pathological  characteristics! 
(phases  of  lymphatic  defensive  reactions,  focal  lesions);  in  still  others, 
Jon  clinical  characteristics  (convalescence).  There  is  no  phase  of  sep-j 
jticcmia,  the  presence  of  which  is  obligatory  in  an  infectious  process  j 
'occurring  acutely  with  a  fatal  outcome,  characteristic  of  guinea  pigs  J 
and  other  animals  highly  sensitive  to  tularemia.  An  acute  course  of  j 
J  tularemia  similar  to  septicemia  with  a  fatal  outcome  is  known  in  peoplb 
ialso,  particularly  in  the  United  States.  The  phase  of  septicemia  is  nou 
!  the  equivalent  of  I.  N.  Mayskiy's  phase  of  bactericmia,  which  is  bettet 
|  designated  the  phase  of  hematogenous  dissemination  and  focal  spread 
|  of  the  infection,  which  better  depicts  its  nature. 

I.  S.  Tinker  and  M.  S.  Drozhevkina  (1943),  on  the  basis  o:; 
Qja  study  of  tularemia  in  guinea  pigs,  white  mice  and  rabbits,  distin- 
:  guished  the  following  phases:  1)  production  of  the  initial  effects;  2) 
jthe  primary  complex;  3)  hematogenous  dissemination;  4)  a  generalized 
i  process;  5)  septicemia.  In  the  schema  of  these  authors  phases  1,  2,  j 
j  3,  and  5  correspond  to  our  phases  I,  II,  III  and  IV;  only  the  names  are 
j  different.  However,  in  this  case  we  do  not  see  any  reason  for  distin-  I 
!  guishing  specially  phase  4  and  considering  it  only  a  phase  of  a  generalj- 
I  ized  process,  since  the  phase  of  hematogenous  dissemination  and  the  j 
!  phase  of  septicemia  following  it  represent  only  different  stages  of  gen! 

'  cralization  of  the  infection.  The  phase  of  subsidence  of  the  infection  | 

I  in  cases  of  recovery  has  not  been  provided  for  in  this  schema. 

1  Finally,  we  should  like  to  mention  the  idea  of  Kh.  Kh. 

j  Planel'ycs  and  S.  L.  Krasinskaya  (1950), who  studied  chiefly  the  initial 
;  stages  of  the  pathogenesis  of  the  Breslau  variety  of  S.  paratyphi  in  I 
J  white  mice, that  the  adaptation  phase  be  named  the  "cryptobiotic"  phase, 
i  and  the  phase  of  regional  infection  be  called  the  "lymphatic"  phase.  ! 

However,  we  consider  these  names  less  apt  than  those  adopted  in  P.  j 
!  F.  Zdrodovskiy's  schema.  i 

;  The  phase  of  adaptation  after  intradcrmal  injection  of  sin- 

gle  tularemia  bacteria  can  last  three  days.  Bacteriological  and  hist  ,  - 
ogical  analysis  of  this  phase  shows  that  the  initial  stages  oi  bacteria..  , 


Best 


*  ?  f  £•%  I 

*  *  Ci  a  i  -Ci.  kj  i 


3  Copy 


SO 


Fig  23.  v  Phases  of  the  Infectious  Process  in  Experimental  Tularemia. 
Schema.  I.  Adaptation;  II,  Regional  infection;  III,  Hematogenous  die 
semination  and  focal  spread  of  the  infection;  IV.  Septicemia;  IYa. 
Subsidence  of  the  infection.  1 .  "Inguinal  lymph  nodes;  Retroperiton¬ 
eal  lymph  nodes;  3.  Axillary  1/m ph  node;  4.  Submaxillary  and  cer- 
j  vical  lymph  nodes;  5.  Spleen;  -S.  Liver;  7.  Lung;  8.  Heart;  9,  Bono 
jmafrow;  10.  Presence  of  the  pathogen;  11.  Routes  of  movement  of 
•  the  pathogen;  12,  Portals  o^ehtry  of  the  infection, 


j  multiplication  in  the  shin  at  the  Injection  site  are  accompanied  by  in-! 
flammatory  reactions.  Therefore,  in  tularemia  the  primary  focus  of* 
infection,  no  matter  how  miniature  it  might  be,  develops  in  the  tissue! 
I  at  the  site  of  incorporation  of  the  pathogen,  whereas  the  focua  which  | 
•I  arises  in  $te  regional  lymph  node  after  penetration  of  bacteria  there  { 
is  secondary.  i 


a  special  place  j 

in  the  pathogenesis  of  tularemia.  By  multiplying  in  the  tissues  of  the  J 
lymph  node  (or  nodes)  the  pathogen  secures  the  opportunity  of  further! 
spread  in  the  body  on  a  higher  quantitative  level  than  durina  the  adaotl 


tion  phase.  This  is  a  distinctive  "-springboard"  ior  bhc  infection.  X ■  J 
N.  Mayskiy,  I.  S.  Tinker  and  others  regard  the  lymphatic  system  as 
a  barrier  to  tularemia  bacteria  which  the  latter  must  overcome.  Hence, 
we  have  the  suggestion  by  I.  N.  Mayskiy  that  it  be  called  the  "phase  o: 
lymphatic  defensive  reactions  of  the  body".  Kh.  Kh.  Planel'yes  (1950;), 
on  the  basis  of  investigations  of  the  staphylococcal  and  paratyphoid 
infection  of  white  mice  and  pneumococcal  infection  of  white  rats  in 
combination  with  his  co-workers,  believes  that  the  lymph  nodes  serve 
.as  a  favorable  place;  for  settlement  of  bacteria,  where  they  multiply 
relatively  freely*  forming  the  primary  focus  of  infection.  Penetration- 
of  tularemia  bacteria  into  the  lymphatic  system  and  further  movement 
through  it  into  the  body  are  explained  by  some  authors  (I.  S.  Tinker 
and  M.  S.  Drozheykina,  1948  and  others)  by  "lymphotropism"  of  the 
pathogen.  However,  other  small  particles,  for  example,  of  India  ink 
or  graphite,  if  injected  into  the  tissue,  also  enter  the  lymphatics  be¬ 
cause  of  the  structural  characteristics  of  the  walls  of  the  latter,  and 
are  carried  with  the  lymph  f^ow  into  the  lymph  nodes  (D.  A.  Zhdanov, 
1952).  We  cannot  speak  of  a  "lymphctropism "  cf  such  particles. 

According  to  our  data,  in  white  mice,  guinea  pigs  and  whi  :e 
rats  tularemia  bacteria  multiply  in  the  tissue  of  the  regional  lymph  j 
node,  without  encountering  any  particular  resistance  on  the  part  of  th<^ 
macroorganism*  If  the  resistance  of  the  guinea  pig  organism  to  tular¬ 
emia  is  increased,  for  example,  by  means  of  Immunization  with  attenb 
uated  strains,  the  barrier  function  of  the  regional  lymph  node  as  well 
as  of  the  tissues  at  the  injection  site  becomes  fully  expressed  in  this 
animal  (R.  A,  Savcl'yeva  and  A.  P,  Gindin). 

I  The  transition  of  the  regional  infection  into  the  phase  of 

hematogenous  dissemination  (focal  spread)  occurred  of  necessity  in 
i  all  the  species  of  laboratory  animals  which  we  analyzed  regardless  of- 
the  method  or  dose  of  infection,  With  the  onset  of  bacteriemia  the 
disease  passes  into  the  clinically  overt  period  from  the  incubation  per¬ 
iod. 

|  Exudative  phenomena,  on  which  proliferation  of  reticulo- 

j  endothelial  cells  is  rapidly  superimposed  and  in  which  the  formation  of 
!  specific  granulomas  similar  to  those  in  tuberculosis,  brucellosis  and 
!.  other  infectious  diseases  at  sites  of  settlement  and  multiplication  of 
I  bacteria  occur,  are  characteristic  of  the  inflammatory  responses  of 
J  the  macroorganism  in  tularemia.  In  the  initial  phases  of  dcvelopmeni 

•  of  the  infection  the  inflammatory  changes  are  of  a  local  character,  but 
j  during  the  phase  of  hematogenous  dissemination  the  granulomatous  | 

•  process  includes  the  internal  organs  in  proportion  to  their  degree  of  j 
|  bacterial  seeding  (R,  A,  Savcl'yeva  and  A.  P.  Gindir.Y,  In  this  phase; 
j^in  different  species  of  animals  the  process  diffe r s  sub stantially  in  j 


82 


accordance  with  the  degree  of  their  infectious  sensitivity  (resp,  resiaj 
to  tularemia  and  the  level  of  seeding  of  the  internal  organs. 

In  white  mice  and  guinea  pigs  a  high  degree  of  sensitivity 
of  the  reticuloendothelial  ccll3  and  other  tissues  to  the  effect  of  tular¬ 
emia  bacteria  on  them  leads  to  the  fact  that  penetration  of  the  microbe  i 
into  the  internal  organs  of  the  animals  is  accompanied  by  multiple  sevf- 
ere  (necrotic)  injuries  of  the  tissues  with  a  functional  disorder  in  the 
'vital  organs  (bone  marrow,  suprarenal  glands,  spleen,  liver,  etc.), 
which  completely  suppresses  immunogene  sis.  Throughout  the  infec- 
,  tious  process  in  the  animals  there  are  no  specific  immunological  re¬ 
actions.  Seeding  of  the  organs  with  bacteria  increases  through  the  enj* 
largement  of  the  foci  aud  metastasis  of  them;  injury  to  the  tissues  is 
intensified, and  the  process  goes  into  the  phase  of  septicemia  ending  inj 
death. 

In  white  rats  and  rabbits,  as  the  result  of  the  lower  sensi-1 
tivity  of  tissues  to  the  effect  of  tularemia  bacteria,  the  inflammatory 
processes  are  of  a  more  localized  and  benign  character,  without  sup-] 
pressing  immunogene  sis.  hi  rats,  as  a  rule,  the  granulomas  do  not 
become  necrotic  in  the  internal  organs,  but  the  antibodies  begin  to  be 
found  on  the  sixth-seventh  day  after  infection  when  the  agglutination 
test  is  performed  in  the  usual  way.  The  acquired  immunity  which  aris¬ 
es  limits  the  further  spread  of  the  bacteria  in  the  vital  organs  with  its 
£"yelopment  and,  without  going  into  the  phase  of  septicemia  the  infec¬ 
tion  begins  to  subside.  At  the  time  ol  recovery  the  immunological  in¬ 
dices  (antibodies;  in  rabbits, allergy  also)  reach  their  maximum  degre  ss 
{  of  expression,  B.  Ya.  El’bert  and  N.  A.  Gayskiy  (1941)  point  out  tha 
the  immune  scrum  of  rabbits  which  recovered  from  tularemia  possess¬ 
es  the  ability  to  neutralize  the  necrotic  effect  produced  by  F.  tularen- 
sis.  Subsequently,  under  the  influence  of  the  high-strengh  immunity 
which  develops  the  elimination  of  bacteria  from  the  body  and  the  re- 
[  covery  of  the  injurod  tissues  are  completed  quite  quickly  (usually,  be* 
j  tween  the  30th  and  40th  day  after  infection),  and  the  immunity  goes  into 
the  sterile  phase,  remaining  for  a  long  time..  Occasional  exceptions 
do  not  change  the  general  rules  and  regulations.  The  last  to  be  free  of 
[ bacteria  are  usually  the  regional  lymph  nodes, 

j  Inflammatory  changes  in  the  animal  tissues  (exudative  I 

processes,  granuloma  formation,  etc.)  occurring  under  the  influence  ! 

|  of  living  or  killed  virulent  bacteria  undoubtedly  are  associated  with  ! 
an  endotoxin  liberated  from  destruction  of  microbes  by  cells  and  juices 
of  the  macroorganism.  j 

After  the  injection  of  large  doses  of  the  pathogen  the  rapid 
death  of  animals  which  are  not  very  sensitive  to  tularemia  --  white 


rats  and  rabbits  --  with  the  picture  of  acute  toxicosis  and  a  rclativ 
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low  degree  of  seeding  oX  the  organs  with  bacteria  clearly  imHoatns  the  j 
presence  of  toxic  substances  in  the  tularemia  bacteria.  However,  the.  e 
substances,  like  the  rickettsial  toxin,  for  example,  are  different  in 
their  properties  from  ordinary  bacterial  endotoxins,  which  makes  study 
of  them  difficult. 

Judging  from  the  data  cf  study  of  the  antigenic  structure  of 
tularemia  bacteria,  the  toxin  is  present  in.  their  capsuinr  v  or  Ho  a  and  | 
associated  with  Yi  antigenic  substances  (is.  G.  GlsuX’yov  and  G.  S.  J 

Yemel'yanova,  1957). 

All  the  species  of  laboratory  animals  analyzed  show  sus¬ 
ceptibility  to  subcutaneous,  intrade rmai  and  aspiration,  infections  al¬ 
most  equally.  With  these  methods  of  administration  of  the  bacteria  th£ 
minimum  infective  dcse  is  almost  the  same  or  practically  the  same, 
j  The  conjunctival  method  of  infection  is  notably  less  effective,  and  the 
!  alimentary  method  is  in  last  place.  The  application  of  the  bacteria  to 
the  intact  skin  causes  infection  only  after  the  use  of  a  large  dose,  but 
scarification  of  the  skin  increases  the  possibility  of  penetration  of  the 
bacteria. 

Each  of  the  infection  methods  has  its  own  characteristic 
localization  of  the  primary  lesions,  which  can  be  determined  usually 
without  difficulty  by  the  degree  of  expression  of  the  inflammatory  chang¬ 
es  in  the  tissues  at  the  site  of  incorporation  of  bacteria  and  the  degree 
of  involvement  of  the  regional  lymph  nodes.  These  changes  are  parti-j 
j  culaxly  demonstrative  in  guinea  pigs.  The  results  of  experiments  of 
|  aspiration  infection  of  guinea  pigs  and  rabbits  confirmed  G.  P.  Rud- 
jnev's  conception  of  the  primary  pneumonic  form  of  tularemia.  For 
j  animals  which  are  not  very  sensitive  this  form  should  be  considered  | 
j  the  most  severe;  a  fatal  outcome  can  be  observed  from  doses  which  oh 
i  injection  through  the  skin  produce  only  a  benign  courso  of  the  diseased 
However,  administration  of  minimum  doses  of  the  pathogen  by  tho  as-j 
!  piration  route  can  cause  a  mild  disease  in  slightly  sensitive  animals  j 
J  also  as  the  result  of  localization  of  the  focus  in  the  lung.  I 

j  In  tularemia  the  relationship  between  the  infective  dose  and 

t  the  rate  of  development  of  the  infectious  process  is  established  in  a  ; 
quite  clear-cut  manner.  In  white  mice  and  guinea  pigs,  with  increase! 
in  the  dose,  the  survival  time  is  shortened,  whereby  in  mice  the  scodj* 

.  ing  of  the  organs  and  tissues  with  bacteria  is  high  at  tho  time  of  death! 

!  regardless  of  increase  in  the  dose,  whereas  in  guinea  pigs  the  seeding 
of  the  organ  increases  with  the  dose.  In  white  rats  and  rabbits,  with  i 
•  increase  in  the  dose  injected,  the  clinical  expression  of  the  process  j 
I  increases,  which  it  particularly  well  expressed  in  weight  changes.  1 
Large  doses  cause  a  fatal  outcome, and  tho  time  needed  for  it  to  occur' 
is  shorter  tho  higher  the  dose.  However,  in  those  animals  individual! 
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characteristics  of  the  organism  can  have  a  marked  influence,  in  one 
direction  or  another,  on  the  development  of  the  infectious  process  and 
on  its  outcome.  Therefore,  the  experiment  shows  precisely  that  a 
great  range  of  differences  in  the  severity  of  the  course  of  tularemia 
infection,  localization  of  primary  lesions,  etc.  can  be  achieved  through 
infection  with  a  microbe  of  the  same  virulence.  These  differences 
show  a  distinct  relationship  to  the  infective  dose,  the  route  of  penctraf 
tion  of  the  pathogen  and  partly,  the  individual  characteristics  of  the 
macroorganism.  In  this  connection,  experimental  data  on  laboratory 
animals  are  in  good  agreement  witii  epidemiological  and  clinical  ob- 
servations. 

In  dealing  with  problems  of  bacteriological  diagnosis  of 
tularemia  in  laboratory  animals,  it  should  be  noted  that  the  most  sen* 
sitive  method  of  detecting  tularemia  bacteria  is  tire  biological  test 
method  with  the  use  of  the  white  mouse  for  the  passage.  It  makes  it 
possible  to  show  even  single  viable  virulent  bacteria  without  error  in 
the  infected  tissues  of  any  species  of  animal.  The  method  of  culture 
on  synthetic  nutrient  media  usually  used,  for  example,  egg  yolk,  by 
making  an  impression  or  rubbing  in  a  piece  of  tissue,  is  much  less  ef 
fective  than  the  biological  method.  According  to  the  summarized  dat£ 
of  T.  N.  Dunayeva’s  investigation  of  organs  of  different  animals  it 
may  be  concluded  that  with  a  content  of  100*1,000  bacteria  (as  shown 
by  the  method  of  titration  on  white  mice)  per  gram  of  investigated  splcin 
ic  or  lymph  node  tissue  only  12  percent  of  cultures  on  coagulated  egg 
yolk  medium  are  positive;  a  result  close  to  100  percent  in  the  culture!* 
was  noted  only  when  tissues  contained  1, 000, 000-10, 000, 000  bacteria 
or  more  per  gram  (Table  15).  1 

The  use  of  liquid  yolk  medium  for  cultures  doos  not  ossen1 
|  tially  change  the  result,  which  may  bo  judged  by  the  investigations  of 
I.  S.  Tinker  and  M.  S.  Drozhovkina.  Howevor,  the  use  of  a  culture 
of  an  organ  suspension  on  petri  dishes  containing  blood  media  is  pract 
tically  the  equal  in  sensitivity  to  the  biological  method  of  investigatioij. 
Ls  last  {dace  with  regard  to  sensitivity  is  bacterioscopy  and  the  ther¬ 
moprecipitation  reaction.  Experiments  on  guinea  pigs,  whito  mice 
and  white  rats  indicate  that  tularemia  bacteria  can  be  found  reliably  $ 
by  these  methods  only  in  those  organs  in  which  the  concentration  of 
microbes  oxcccds  1,000,000,000  per  gram  of  tissue.  ( 

In  accordance  with  what  has  been  stated  the  method  of  baej- 
te rioscopy  (or  precipitation)  can  be  need  successfully  for  the  diagnosis 
l  of  tularemia  chiefly  in  investigation  of  organs  of  white  mice  dying  of  j 
|  tularemia*  The  method  of  culture  on  nutrient  media  is  applicable  to  ] 

•  investigation  of  organs  of  animals  of  any  species  dying  of  tularemia,  j 
'  but  cultures  from  rabbits  and  white  rats  cannot  always  give  a  positive? 
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Table  15 

The  Degree  to  which.  P.  Tularcnsis  cr_n 
(Lymph  Nodes  and  Spleen)  of  lulled  ....1 . 
tensity  of  Seeding  per  Gram  of  Tic  rue 
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44.4% 

. 

73,6% 

1C0% 

Note:  Culture  made  by  impressing  a  piece  of  tissue  on  coj- 
agulatcd  yolk  medium.  1.  Species  of  animal;  2.  No.  of  bacteria  per  I 
gram  of  tissue;  3.  Results  of  culture;  4.  Total  investigations;  5.  Of! 
these,  number  positive;  6.  Time  of  appearance  of  growth  (days);  7. I 
Million;  8.  White  mouse;  9*  Guinea  pig;  10.  White  rat;  11.  Total, 

j  result  because  of  the  inadequate  seeding  of  the  animal  tis sues  with 
\  tularemia  bacteria*  Finally,  the  biological  method  is  used  in  those 
cases  where  the  other  methods  may  be  ineffective. 

Conclusion 


|  Data  accumulated  on  experimental  tularemia  in  laboratory 

I  animals  permit  a  quite  complete  evaluation  of  various  species  ns  ob«  1 
j  jects  to  be  used  for  biological  test  for  diagnostic  purposes  as  well  as  j 
in  the  capacity  of  models  in  the  study  of  various  problems  of  pathology, 
•j  immunology,  etc.  Although  a  number  of  details  of  the  infectious  proc- 
j  ets  (particularly  with  methods  of  infection  other  than  £#  wisCwv&fiOOtt&jf  '  j 
j  has  been  inadequately  studied  in  various  species  of  animal- ,  »*»c  '.‘one  j?* 


*  al  picture  of  the  pathogenesis  of  tularemia  has  been  cube 
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ology  of  the  infection  but  not  the  pathophysiology,  which  has  practical! jr 
not  been  studied  in  tularemia.  The  first  and  very  interesting  investiga¬ 
tions  along  this  line  were  made  by  A.  G.  Kratinov  and  co-workcrs  but 
unfortunately,  they  were  not  further  developed.  It  is  to  be  hoped  that 
there  will  be  investigators  of  problems  of  the  pathophysiology  of  ex¬ 
perimental  tularemia  with  extensive  use  of  biochemistry  for  this  pur¬ 
pose  in  the  very  near  future. 


Chapter  VI 


The  Epidemiology  of  Tularemia 

(G.  P.  Ayrapet'yan  participated  in  selecting  material  for 

this  Chapter) 

I  Genera-  Comments 


Problems  of  the  epide.-.iology  of  tularemia  have  attracted  j 
the  attention  of  Soviet  investigators  since  the  first  recognized  outbreak 
of  this  disease  near  Astrakhan1  in  -926  (S.  V.  Suvorov,  A.  A.  Vol'-  » 
forts  and  M.  M.  Voronkova,  192S).  A  great  contribution  to  the  study  | 
of  the  epidemiology  of  tularemia  was  made  by  A.  A.  Vol'ferts,  D.  A,  r 
Golov*  L.  M.  Khatcnever,  G.  Ya.  Sinay,  P.  V.  Somov,  S.  P.  KarpovjV 
G,  P.  Rudncv,  K,  F.  Akinfiyev,  L.  V.  Gromashevskiy,  I.  I.  Yelkin,  j- 
A.  A.  Maksimov,  Yu.  A.  Myasnikov,  M.  F.  Shumeter  and  others.  J 
These  investigations  showed  distinctly  the  difference  between  the  con-| 
ditions  under  which  people  are  infcctod  with  tularemia  in  the  USSR  and, 
in  foreign  countries,  particularly  in  the  United  States.  While  in  the 
United  States  the  main  source  of  the  infection  in  nature  is  considered 
to  be  haro8,and  people  arc  most  often  infected  from  these  animals  in 
removing  the  pelts,  dressing  the  carcass  or  consuming  it  as  food  (sec 
Chapter  H),  in  the  USSR  the  main  sources  of  infection  are  water  rats 
and  small  mousc-like  rodents,  from  which  people  are  infected  under 
the  most  diverse  conditions. 

In  studying  the  various  outbreaks  of  tularemia,  carefully  j 
analysing  the  conditions  under  which  they  occur  and  develop,  and  taUi.,j 
cnticpidcmic  measures  with  tho  sirn  of  suppressing  these  outbreaks,  j 
Soviet  investigators  have  accumulated  valuable  material  on  tho  cpiden 
iology  of  tularemia  making  it  possible  to  determine  the  main  rules  and 
regulations  of  the  epidemic  process  in  this  Jafccdon  and  outline  effee-) 
tive  method*  of  controlling  it.  A  particularly  difficult  test  was  given  | 
to  Soviet  epidemiologists  during  the  years  of  the  Second  World  War,  | 
when  under  conditions  of  the  situation  at  the  front  as  well  as  on  terri- j 
tories  liberated  from  enemy  occupation  large  outbreak  ,  of  tularemia  j 
of  an  unusual  epidemiology  were  encountered  and  epidemiologists  had  . 
to  take  extensive  measures  for  eliminating  them.  Subsequently,  a  ve;|/ 
important  part  was  played  by  a  clarification  of  -he  various  opldenttolo  S 
ical  typos  of  disease  (outbreaks)  and  their  ck,t -location  as  wo,'*  >*u  •:.»» 
determination  of  their  connection  with  'various  of  m*  ,.v  1  -fn-k, 
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differentiated  manner. 

The  study  of  these  problems  can  hardly  be  considered  entir 
ly  completed.  In  the  future  new  facts  may  be  established  which  exten'd 
current  ideas  of  the  lines  of  circulation  of  the  infection  and  the  condi¬ 
tions  under  which  people  become  infected  with  tularemia. 

In  the  present  Chapter  the  rules  and  regulations  of  the  cpij 
demic  process  are  being  analyzed,  that  is,  the  causes  and  conditions 
of  occurrence,  spread  and  arrest  of  cases  of  tularemia  among  people, J 
whereas  problems  of  prophylaxis  are  presented  in  Chapters  X  and  XI 
Thereby,  we  shall  characterize  the  features  not  only  of  the  epidemic 
outbreaks  but  also  of  the  sporadic  cases.  Such  an  approach  is  neccss| 
ary  at  least  because  at  present,  as  the  result  of  broad  prophylactic 
measures  taken,  tularemia  is  usually  noted  only  in  the  form  of  isolat-| 
ed  cases,  whereas  outbreaks  have  become  a  rare  phenomenon,  and  in 
the  very  near  future  public  health  organs  will  be  confronted  with  the 
task  of  eliminating  them  completely.  In  accordance  with  what  has  been 
stated, the  epidemiological  classification  which  we  have  adopted  in  thic 
Chapter  analyzes  the  types  of  cases  of  tularemia, including  both  out¬ 
breaks  and  sporadic  cases. 


Epidemiological  Characteristics  of  Tularemia  and  Classification  of 
Types  of  the  Disea  se  (Outbreaks) 


In  on  epidemiological  respect  tularemia  is  defined  as  a  so 
onosis  which  has  a  natural  localization  maintained  basically  by  wild 
rodents  and  blood-sucking  arthropods.  Just  as  in  the  caso  of  the  epi- 
zootology  of  tularemia  (soe  Chapter  V),  not  only  a  multitude  of  source!) 
of  infection  and  routes  of  transmission  but  also  a  considerable  variety) 
of  conditions  under  which  infection  is  possible  are  characteristic  of 
the  epidemiology  of  this  infectious  disease.  One  of  the  main  charac{ 
teristics  of  the  epidemiology  of  tularemia  is  the  fact  that  the  disease 
occursln  people  in  rural  localities,  which  is  associated  with  the  n&tur 
al  localization  of  this  infectious  disease  and  the  absence  of  conditions 
for  it*  spread  in  the  largo  cities  among  domestic  rodents.  Thereby 
tularemia  is  different  from  a  number  of  other  disoasos  with  natural 
foci  such  as  plague,  listerellosls,  pscudotuberculosis  and  others  cap* 
able  of  spreading  in  the  population  of  city  rodents  with  subsequent  in¬ 
fection  of  people*  Cases  in  which  people  are  infected  with  tularemia 
under  city  conditions,  particularly  a  largo  city,  are  rare  and  are  as* 
scciatcd  with  importation  of  infected  food  products  or  animals  from  a 
rural  locality.  Case*  in  city  dwellers  usually  occur  because  of  infect 
tie*  of  them  from  a  temporary  trip  to  a  rural  locality,  where  natural 
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Oa  the  territory  of  the  USSR  the  moot  frequent  sources  of  j 
infection  accounting  for  infection  of  people  are  common  vole'*,  hous 
mice  and  water  rats;  to  a  lesser  d;gree,  hares,  muskrats,  hamsters 
and  some  other  rodents.  As  has  been  pointed  out  in  Chapter  V,  these 
species  of  animals  are  widespread,  become  acutely  sick  with  tularem 
ia  with  ma&3).ve  dissemination  of  tularemia  bacteria  in  the  organs  and 
tissues  (group  I)  and  are  affected  by  tularemia  epizootics  in  large  mxarj- 
bers.  Of  the  blood- sucking  arthropods  the  blood-sucking  Biptcra 
(mosquitoes,  horseflies)  and  ixedial  ticks  are  of  the  greatest  epidem¬ 
iological  significance  as  vectors  cf  the  infection  to  man. 

A  characteristic  feature  of  the  tularemia  microbe  in  its  . 
relative  resistance  to  environmental  conditions.  The  pathogen  of  tular¬ 
emia  can  be  preserved  in  water,  milk,  frozen  meat,  the  fcodie 
dents  which  die  of  tularemia,  in  grain,  straw,  etc.  (see  Chapter  III) 
for  a  long  time,  particularly  with  a  lev/  environmental  temperature, 
which  makes  its  impression  on  the  epidemiology  cf  tularemia.  The  mi¬ 
crobe  is  characterized  also  by  the  fact  that  it  is  capable  of  penetrating 
into  the  human  and  animal  body  through  minor  scratches  on  the  snin 
and  through  the  intact  mucosae  of  the  eyes,  mouth/* and  pharynx  (par¬ 
ticularly  through  the  tonsils),  gastrointestinal  tract  and  respiratory 
tract,  and  in  the  case  of  a  massive  dose  of  the  infection  the  microbes 
can  penetrate  through  the  intact  skin  also  (see  Chapter  IY,  page  110). 
The  localization  of  die  primary  lesions  (local  focus  of  inflammation 
as  well  as  inflammation  of  the  regional  lymph  nodes)  usually  clearly 
indicates  tho  routes  of  penetration  of  tularemia  bacteria  into  the  body,] 
which  makes  it  possiblo  to  draw  clinical -epidemiological  parallels 
(G.  P.  Rudncv  and  others). 

The  following  specific  methods  (mechanisms)  of  infection 
of  man  with  tularemia  are  distinguished:  contact,  alimentary,  aspira 
tion,  and  arthropod-bo rno.  The  last  method  is  best  called  the  inecu-j 
lativo  method  if  we  havo  in  mind  infection  through  the  bite  of  a  blood-  I 
sucking  arthropod  in  contrast  to  contact  (or  contaminative)  from  crush 
ing  the  vector  on  the  skin  surface;  the  term  ‘'transmissive"  {which  • 
is  generally  used  in  tire  Russian  literature  to  mean  arthropod-born cj 
should  be  used  for  designating  the  transmission  factor  and  the  type  of 
disease  (of  outbreaks). 

Contact  infection  through  the  -kin  and  the  external  mucous!* 
represents  a  frequent  route  of  infection  of  people  with  tularemia.  Tit 4 
infection  can  occur  as  the  result  of  direct  contact  of  man  with  animal 
sick  with  (or  which  have  died  from)  tularemia,  particularly  in  skinning 
or  dressing  tie  carcasses,  through  the  hires  of  animals,  as  well  as  \ 
through  contact  wit):  substrates  contaminated  by  the  excretions  of  sicl! 
aahaaU-  j  y  mi-j 
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Infection  by  ths  aspiration  route  often  occur*  la  people  oc* 
copied  in  tiling  cereal  crape  ftfcrsshiag,  working  on  the  winnowing 
machine*  etc#)  and  fruit*  4*  well  as  in  the  transportation  of  straw* 
hay  and  other  objects  contaminated  with  the  excretions  of  rodents  sick 
with  tela  remit. 

Infection  by  the  alimentary  route  occurs  from  the  consumi  - 
tion  of  infected  fruit  product!  or  utilisation  of  infected  water  for  drink  - 
ing. 

Infection  by  vector!  (blood- sucking  arthropods)  usually  oc  ■ 
curs  by  means  of  a  puncture  in  the  human  skin  with  the  proboscis  of 
arthropod!  and  injection  (inoculation)  of  the  tularemia  pathogen  into 
the  wound*  bud  It  can  also  be  observed  after  crushing  an  arthropod  on 
the  skin  surface  or  after  it  enters  the  eye. 

Otto  of  the  characteristic  epidemiological  features  of  tulax  * 
eraia  is  an  almost  109%  susceptibility  of  man  to  it  without  any  differ¬ 
ences  in  age  as  well  as  the  fact  that  sick  people  are  not  contagious  to  f 
healthy  persons.  The  latter  is  explained  in  the  features  of  the  infec¬ 
tious  process*  which  in  man  is  characterised  by  relatively  sparse 
seeding  of  tho  rgans  and  tissues  with  tularemia  bacteria*  as  the  re¬ 
sult  of  which  tne  patient's  excretions  are  practically  noninfectlve  for 
those  around  under  ordinary  conditions  of  contact  with  them  (G.  Ya. 
Sinay*  1940).  The  relatively  small  number  of  tularemia  bacteria  in 
the  organism  of  a  sick  person  is  indicated  by  the  negative  results  of 
bacterioscopy  of  the  pathological  material  and  the  difficulties  of  isolat 
ing  the  pathogen  from  it  by  direct  culture*  as  the  result  of  which  usua 
ly  recourse  is  had  to  the  biological  examination  (see  Chapters  VII  and 
Vni).  Various  author*  believed  that  the  absence  of  infections  com¬ 
ing  from  a  sick  person  is  associated  with  a  reduction  of  the  virulence 
of  the  tularemia  microbe  in  his  body*  but  this  opinion  has  been  repud* 
iated  by  the  isolation  of  fully  virulent  cultures  from  sick  people  as 
well  by  experiments  on  animals  of  groups  II  and  III*  the  bodies  of 
which  are  similar  to  the  human  body  with  respect  to  the  degree  of  sen 
sitivity  to  tularemia  (see  Chapter  HI). 

The  characteristics  of  tularemia  infection  mentioned  *bov 
that  is*  extensive  adaptation  Of  the  tularemia  pathogen  in  nature*  the 
possibility  of  it*  transmit eion  through  animals  or  through  various  en¬ 
vironmental  objects  (water*  food  and  forage  products*  etc. )  as  well  ai 

!ths  high  degree  of  susceptibility  of  man  to  this  infection  havs  lad  to  th 
fact  that  finder  certain  conditions  tularemia  outbreaks  have  taken  plac 
on  a  grand  scale  with  involvement  of  a  considerable  number  of  people. 
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Not  uncommonly,  tularemia  outbreaks  rtiemblt  an  epidemic  of  influ -1  , 
wm  or  malaria  in  chaa  actor  t  and  pro  via  us  ly  they  frequently  went  un-» 
dor  these  diagnoses,  which  is  evident  by  much  material  on  the  epidenu* ' 
iology  of  tularemia  presented  below,  in  seme  of  the  natural  foci  tulaf- 
emit  cases  can  bo  of  a  unique  character,  where  for  a  long  period  of 
time  the  occurrence  of  disease  is  noted  only  among  various  per  cons  o 
small  groups  of  people.  The  nature  and  scale  of  tularemia  epidemics 
depend  on  the  rules  and  regulations  created  in  the  preepidemic  and 
epidemic  periods. 

The  course  of  the  epidemic  process  depends  on  a  number 
of  conditions ,  Including  the  characteristics  of  the  natural  focus  itself, 
the  composition  of  the  reservoirs  and  vectors  of  the  tularemia  infec¬ 
tion  In  the  focus,  the  nature  of  the  occupational  and  other  activity  of 
people,  the  population  density,  the  sise  of  the  immune  segment;  of  the 
population,  the  intensity  of  contact  between  people  and  infected  ani¬ 
mals  and  environmental  objects,  the  season  and  other  factors.  De¬ 
pending  *m  variations  in  the  rodent  census,  particularly  marked  in  thej 
small  representative!  of  this  group  of  animals  (voles,  house  mice, 
water  rats),  conditions  for  the  occurrence  of  cases  of  tularemia  in 
people  are  different  in  different  years.  At  the  present  time,  an  impo| 
tant  factor  affecting  reduction  in  the  incidence  of  tularemia  i"  vaccina 
Uon  of  people  being  conducted  in  foci  of  this  infection  a  disease  in  com 
bination  with  other  measures. 

In  the  USSR  epidemic  outbreaks  of  tularemia  associated 
with  the  wator  rat  industry  or  with  infection  through  blood- sucking  Dip|- 
tera  (see  Chapter  I)  first  attracted  attention  and  were  studied  in  de¬ 
tail.  In  accordance  with  the  conditions  under  which  people  became  in 
fected  the  name  of  ’bceupaftcml"  was  reinforced  for  the  first  type  of 
outbreak;  the  name  of  "arthropod-borne "  gained  prominence  for  the 
second.  Subsequently,  outbreaks  were  described  with  other  infectiou4 
conditions,  and  they  also  obtained  appropriate  names.  With  the  ac¬ 
cumulation  of  data  about  epidemiological  features  of  tularemia  out¬ 
breaks  or  separate  cases  the  need  arose  for  a  more  precise  defini¬ 
tion  aud  classification  of  them.  The  experience  of  foreign  investigat 
ora  in  this  respect  was  not  very  useful  because  of  considerable  differ 
encec  in  the  epidemiology  of  tularemia  in  the  Soviet  Union  and  abroad 
as  well  as  on  account  of  the  different  approach  of  foreign  investigator^ 
to  the  study  of  this  problem.'  For  example,  in  the  United  States  tular 
emia  is  customarily  divided  into  groups,  basically  In  accordance  withj 
the  sources  of  infection  and  its  vectors,  without  the  use  of  any  specia 
terms  designating  the  epidemiological  types  of  disease  (see  Chapter 
H). 

Classification  of  the  epidemiological  types  of  cases  of  j 
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tularemia  (outbreaks)  ia  very  essential,  It  assists  practising  physi¬ 
cians  and  scientific  research  workers  in  becoming  oriented  to  the  epi«j 
demic  process »  making  a  more  thorough  study  of  epidemiological  rule 
and  regulations  and  dare  loping  measures  not  only  for  controlling  the 
separate  outbreaks  but  also  for  complete  elimination  of  tularemia. 

Problems  of  the  epidemiological  classification  hare  been 
subjected  to  a  special  discussion  in  a  number  of  publications  of  Sovietl 
investigators  (G.  Ya.  Sinay,  1944}  G.  Ya.  Sinay  and  B.  V.  VoskresenJ- 
•kiy,  1943}  G.  P.  Rodney,  1943,  1950,  1959}  L  N.  Mayskiy,  1944, 
1945,  1951}  I.  L  Yelkin,  1948,  1949,  1952}  L.  V.  Gromashevskiy, 
1948}  L.  M.  Khatenerer,  1948}  Yu.  A.  Myasnikor  and  O.  Y.  Ravdonj- 
ikas,  1954}  G.  A.  Kondrashkln,  1958  and  others).  Without  going  into! 
all  the  details  of  the  suggestions  made,  with  which  the  reader  can  be¬ 
come  acquainted  from  the  original  sources,  we  should  like  to  note  onl r 
that  approaches  of  different  authors  to  the  solution  of  this  problem  we  re 
different.  The  majority  of  authors  (G.  Ya.  Sinay,  B.  V.  Yoskronakiy, 
1.  N.  Mayskiy,  L.  Y.  Gromashevskiy,  L.  M.  Khatenerer,  G.  P.  Rud- 
nev  and  others)  expressed  themselves  in  favor  of  the  idea  that  epidem » 
iological  types  of  tularemia  (outbreaks)  be  defined  (classified)  accord¬ 
ing  to  tiie  infectious  conditions  and  the  transmission  factors.  In  addi¬ 
tion,  the  main  sources  of  the  infectious  disease,  mechanisms  of  infec  ■ 
tion,  etc.  were  also  pointed  out.  Based  on  the  main  principle  of  clam  - 
iflcation  the  authors  considered  the  use  of  such  names  of  the  outbreak  i 
as  "industrial",  "water",  "agricultural",  etc.  justified.  Other  autho;  s 
(Yu.  A.  Myasnikor  and  O.  Y,  Rardonikae,  G.  A.  Kondrashkln)  vecorr  - 
mended  making  the  sources  of  infection  the  basis  of  the  epidemiologic  il 
classification  and  correspondingly  naming  the  types  of  cases  (outbreak}) 
in  accordance  with  the  species  of  rodents:  "vole -mouse",  "water- 
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vole",  etc.  (the  author  has  in  mind  infection  from  water  rats  and  mus 
rats),  ifWater  roles  are  another  name  for  water  rate/* 

Finally,  the  suggestion  was  made  (I.  I.  Yelkin)  that  the 
types  of  disease  be  classified  by  the  mode  of  transmission  (mechanisi(i 
of  infection)  and  that  the  epidemics  be  called  appropriately  "contact", 
"alimentary",  etc.  This  latter  as  well  as  the  previous  classification 
are  attractive  by  virtue  of  the  fact  that  underlying  them  they  have  a 
single  principle  (mechanisms  ef  Infection  or  source  of  infection).  Hov/j- 
they  have  essential  defects  because  in  these  cases  the  leading 
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factor  in  the  epidemic  process  is  not  distinguished.  Classification  of 
■  epidemiological  types  of  tularemia  by  sources  of  infection  or  mechan-j 
|  isms  of  infection  cannot  be  considered  correct  If  only  because  infec - 
1  tion  of  people  does  not  represent  a  purely  biological  phenomenon.  It 
is  most  closely  connected  with  human  activity,  that  is,  with  the  socia 
factor.  The  proponent!  of  the  eecond  and  third  principles  of  class  If ic 
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tion  simultaneously  use  the  first  principles  mit  **  subordinate  to  the 
main  principle  proposed.  For  example ,  Yu.  A.  Myasnikov  and  O.  Y. 
Ravdonikas  distinguish  "domestic",  "agricultural",  ’Veter",  etc.  typ  m 
within  the  "vole-fcsouse"  type.  1.  1.  Telkin  distinguiehee  outbreaks  of 
’Veter"  and  "food"  origin^  etc.  within  the  limits  of  the  "alimentary" 
type  of  epidemic. 

In  our  further  presentation  we  shall  use  the  epidemiologic  • 
al  classification  based  on  the  conditions  of  infection  and  the  transmis¬ 
sion  factors,  considering  this  principle  most  correct  and  best  accepted 
by  the  majority  of  investigators.  Naturally,  in  the  characterisation 
of  one  type  of  disease  or  another  the  sources  of  infection  and  mechan¬ 
isms  of  infection  are  also  included  but  as  subordinate  factors. 

Xn  all,  at  the  present  time  nine  epidemiological  types  of 
tularemia  have  been  described,  whereby  for  various  types  different 
variants  can  be  distinguished  depending  on  the  differences  in  the  sourt  - 
es  of  infection,  the  vectors  or  other  conditions.  In  Table  23  a  list  of 
these  types  and  their  variants  is  presented  with  an  indication  of  the 
main  sources  of  infection  or  its  vectors,  mechanisms  of  infection, 
clinical  forms,  as  well  as  types  of  natural  foci  with  which  various  cas¬ 
es  (outbreaks)  are  associated  in  their  Origin. 

From  the  classification  which  we  have  adopted  it  is  easy  t  > 
see  that  the  leading  factor  in  the  epidemic  process  is  the  one  which  ac  - 
ta&lly  determines  the  nature  of  spread  of  the  infection,  mechanisms  o ; 
infection,  etc.,  and,  because  of  this,  also  the  clinical  picture  of  dis¬ 
ease.  Among  the  factors  of  this  kind  are  agricultural  operations,  hunt¬ 
ing,  industrial  processes,  military  operations,  etc.  True,  along  with 
this  the  following  factors  in  the  transmission  of  the  infectious  diseas  e 
have  been  advanced  as  leading  ones:  water,  arthropod,  food  products  > 

|  etc.  However,  the  group  of  such  cases  needs  to  be  distinguished  with¬ 
in  the  various  types  of  outbreaks,  since  the  characteristics  of  these 
transmission  factors  make  a  specific  impression  on  the  course  of  the 
epidemic,  mechanisms  of  infection,  clinical  forms  of  disease  and  re¬ 
quire  special  control  measures. 

The  occurrence  of  a  considerable  portion  of  the  various 
types  of  disease,  for  example,  agricultural,  domestic,  food  product, 
trench,  water  (infection  through  well  water)  and  industrial  (infection 
during  processing  agricultural  products)  is  associated  with  small 
mouse -like  rodents,  as  the.  result  of  which  these  diseases  are  frequent¬ 
ly  called  "mouse"  outbreaks. 

In  the  classifications  proposed  previously  various  authors 
have  distinguished  tularemia  in  laboratory  workers  as  a  special  type 
of  disease.  At  the  present  time  the  need  for  distinguishing  such  a  groSup 
|  has  fallen  away,  because  vaccination  has  completely  eliminated  tulanr  ife 
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/continued  from  previous  page/ 

field,  forests  16.  Occupational;  17.  Hunting-food;  18.  Water  rat, 
muskrat,  hamster;  19*  Hare;  "0.  Contact;  21.  Contact,  alimentary; 
22.  Bubonic,  ulcerative  -bubonic)  23.  Anginal-bubonic,  abdominal,  ul 
cerative -bubonic;  24.  Soddy-alluvial-boggy,  steppe,  and  tugaic  Augai 
in  the  narrow  sense  of  the  word  are  forests  near  rive  s;  in  the  broade 
sense,  the  river  valley  type  of  locality  in  semidesert  and  desert  sons 
25.  Steppe,  meadow-field,  tugaic,  forest;  26.  Water;  27.  Infection 
through  water  of  brooks  and  other  open  water  sources;  28.  Infection 
through  well  water;  29.  Water  rat;  30.  House  mouse,  common  vole;  j 
31.  Alimentary;  32.  Anginal -bubonic,  abdominal;  33.  Foothill-brook, 
soddy-alluvial-boggy;  34.  Meadow -field,  steppe. 

Continuation  of  Table  23  /see  next  pag«7:  l-6./Same  as  in  legend  aboi 
7.  Agricultural;  8.  Domestic,  9.  Food  products;  10.  Industrial)  11. 
Infection  from  processing  agricultural  products;  12.  Infection  from 
slaughtering  animals  and  dressing  the  meat;  13.  Common  vole,  house 
mouse;  14.  House  mouse,  common  vole;  15.  House  mouse;  16.  Shee 
and  their  ticks,  hares;  17.  Aspiration;  18.  Thoracic  (the  term  "thor¬ 
acic  form"  proposed  by  German  authors  (by  analogy  with  the  abdomin¬ 
al  form)  eliminates  the  inconvenience  of  using  such  long  terms  as  'tu¬ 
laremia  with  predominant  involvement  of  the  respiratory  tract",  used 
to  date  in  the  classification  of  this  clinical  form  of  tularemia  (see 
Chapter  VII)) ;  19.  Alimentary;  20.  Anginal-bubonic,  abdominal;  21. 
Meadow-field,  steppe;  22.  Steppe,  meadow-field,  tugaic;  23.  Steppe 
meadow-field;  24.  Contact;  25.  Bubonic;  *6.  Cases  occur  outside 
the  natural  focus  (importation);  27.  Trench.  j 


j  infection  in  the  laboratory. 

I  The  classification  adopted  in  this  Chapter  has  been  creat- 

|  ed  historically;  the  principles  of  its  construction  were  laid  down  with 
j  the  beginning  of  the  study  of  tularemia.  At  the  present  time  it  is  u*e< 
by  the  majority  of  investigators  and  practical  workers.  Therefore,  U 
would  be  inadvisable  to  change  it  radically.  It  would  be  better,  in  con¬ 
nection  with  the  finding  of  new  epidemiological  rules  and  regulations,  ! 
to  make  those  changes  which  have  been  conditioned  by  the  further  stu<  y 
'  of  tularemia  epidemiology,  which  wo  have  done. 

Tularemia  outbreaks  are  comparatively  rarely  uni  typical 
with  respect  to  the  conditions  of  infection;  much  more  often  they  are 
characterised  by  inhomogeneity.  For  example,  in  the  arthropod- 
borne  outbreaks  part  of  the  infections  can  occur  by  water  or  by  occup  i- 
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tional  routes)  agricultural  outbreaks  can  be  associated  with  water  am 
domestic  infection*  etc.  In  determining  the  nature  of  various  out¬ 
breaks  one  needs  to  be  oriented  with  respect  to  the  predominant  epi¬ 
demiological  type  of  disease*  and  if  a  subordinate  type  (or  types)  is  of 
considerable  importance  we  may  speak  of  mixed  outbreaks*  for  exam¬ 
ple*  agricultural  and  domestic*  occupational  and  arthropod -borne*  etc . 
The  various  epidemiological  types  of  tularemia  are  essentially  differ¬ 
ent  from  one  another  with  respect  to  seasonality  and  frequency  of  oc¬ 
currence*  age  and  occupational  composition  of  the  patients*  etc.  Thes  i 
problems  will  be  discussed  in  greater  detail  in  the  analysis  of  the  var:  - 
ous  types  of  disease  (outbreaks). 

Characterization  of  the  Various  Epidemiological  Types  of  Disease 

Arthropod-Borne  Type.  The  cases  belonging  tc  this  type 
occur  from  transmission  of  the  tularemia  pathogen  to  man  by  blood¬ 
sucking  arthropods.  These  may  be  Diptera  or  ixodial  ticks.  In  view 
of  the  essential  differences  in  the  conditions  of  infection  between  these 
two  groups  of  vectors  and*  correspondingly*  the  difference  in  the  nec¬ 
essary  prophylactic  measures  the  arthropod-borne  type  of  disease  caz 
be  divided  into  two  variants: 

Cases  associated  with  the  transmission  of  infection  by 
blood-sucking  Diptera(horsefliea,  mosquitoes).  An  outbreak  of  tular¬ 
emia  caused  by  infection  through  blood-sucking  Diptera  was  first  de¬ 
scribed  by  G.  Ya.  Sinay  (1931*  1935)  on  the  basis  of  observations 
which  he  made  in  conjunction  with  P.  P.  Popov  in  1930  in  Southeast 
Kazakhstan  (the  village  of  Ush-Tobe  in  what  was  formerly  Taldy-Kur- 
ganskaya  Oblast)  as  well  as  those  made  by  A.  Ya.  Krol'  (1933). who  in 
the  same  year  investigated  a  similar  outbreak  in  what  was  formerly 
Barabinskly  Okrug  (West  Siberia).  G.  Ya.  Sinay  (1934)  called  this 
type  of  disease  "spontaneous"*  but  afterwards  suggested  the  name 
"arthropod-borne"  for  it  (N.  G.  Olsuf'yev*  1938,  1940). 

1  Subsequently,  outbreaks  of  this  type  were  studied  in  detail 

by  A.  A.  Miller  and  B.  N.  Stradomskiy  (1935),  P.  V.  Somov  and  co-l 
|  authors  (1940),  S.  P.  Karpov  and  coauthors  (1943*  1945),  Yu.  A.  Isa* 

I  kov  and  O.  N,  Sazonova  (1946),  L.  M.  Khatenever  (1946),  Ye.  Barto-j 
|  shevich  (1948),  V.  G.  Beletskiy  (1948),  Ye.  I.  Novikova  (1951),  M.X.! 

I  Antsiferov  and  coauthors  (1957),  V.  P.  Borodin  (1958),  V.  G.  Pill-  j 
j  penko  (1959)  and  others. 

|  Apparently*  the  arthropod -bo me  type  of  tularemia  is  one 

of  the  oldest.  Specifically*  in  the  opinion  of  many  Investigators  (Ye. 
LNovikova*  1946)  A.  A.  Maksimov*  1948)  V.  S.  Sil'chenko,  1957  an  1 
uothe r s ) *  a  number  of  outbreaks  observed  on  the  territory  of  the  Sovie 
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Union  prior  to  1930,  including  outbreak#  near  Astrakhan*  in  1877  (M. 

L  Galanin,  1897)  and  1926  (S,  V.  Suvorov  and  coauthors,  1928),  on  th^ 
Obi  near  the  mouth  of  the  Irtysh  in  1921  (Y.  A.  Anishchenko,  1922), 
etc. ,  were  arthropod-borne  (for  more  details  see  Chapter  I).  Cases 
of  arthropod  origin  are  also  known  abroad,  particularly  in  the  United 
States  and  Sweden  (see  Chapter  II).  Outbreaks  of  the  arthropod  type 
were  noted  in  various  places  of  the  Soviet  Union:  in  the  Ukraine,  Bel*| 
lorussia,  Kazakhstan,  Western  and  Eastern  Siberia  (including  Yakuti-j 
ya  and  Krasnoyarskiy  Kray),  the  northern  and  middle  belts  of  the 
European  portion  of  (he  USSR,  in.  the  deltas  of  the  Volga,  Don,  and  Te|r- 
ek  rivers,  etc. 

Arthropod-borne  outbreaks,  caused  by  transmission  of  ir 
fection  by  blood-sucking  Diptera,  are  associated  in  their  occurrence 
and  development  with  a  diffuse  epizootic  among  rodents,  chiefly  water| 
rats.  However,  in  various  cases  infection  of  injects  can  occur  from 
hares  or  other  rodents  which  can  be  bitten  by  them.  The  insects  be¬ 
come  infected  from  sucking  the  blood  of  sick  animals,  but  there  are 
indications  to  the  effect  that  the  infection  of  horseflies  can  also  occur 
from  the  dead  bodies  of  water  rats  as  well  from  water  infected  with 
the  tularemia  pathogen  (N.  G„  O/suf'yev  and  D.  A.  Golov,  1940).  In- 1 
fection  of  people  from  arthropod-borne  outbreaks  is  observed,  as  a 
rule,  near  water  bodies,  In  river  valleys,  in  meadows  and  aaymisk- 
cha  [m.  Siberian  name  for  lowland  marshes  covered  with  roeds7,  wherS 
water  rats  live.  Usually,  infection  occurs  at  the  time  of  hay -making! 
and  gathering  in  the  grain,  in  working  in  orchards,  conducting  improve¬ 
ment  operations,  processing  peat,  catching  fish,  etc. 

The  census  of  water  rats  and  the  development  of  tularemh. 
epizootics  among  them  have  undergone  considerable  variations  over  a 
number  of  years  (see  Chapter  V),  as  the  result  of  which  the  condition! 
for  the  occurrence  of  arthropod -bo me  diseases  are  also  changing  ovep 
the  years.  A  more  frequent  occurrence  of  cases  of  this  type,  some¬ 
times  for  several  years  straight,  has  been  observed  in  a  number  of 
places  of  Western  Siberia  and  in  the  deltas  of  some  southern  rivers 
(for  example,  the  Volga,  Don),  whereas  in  the  central  and  northern 
oblasts  of  the  European  portion  of  the  USSR  arthropod -borne  cutbreskh 
were  rarer.  They  were  observed  in  the  same  place  for  no  more  than  j 
one  season  and  then  were  absent  for  a  long  time.  Infection  of  people 
with  tularemia  occurred  through  the  bites  of  blood-sucking  vectors  inf 
fected  with  tularemia,  by  means  of  crushing  the  latter  and  rubbing 
their  tissues  into  the  skin  (by  scratches)  or  after  entrance  of  the  in* 
sects  into  the  eye.  Under  natural  conditions,  in  foci  of  tularemia  mos¬ 
quitoes  spontaneously  infected  with  tularemia  i  cteria  (Aedes,  Culex, 
Anopheles)  as  well  as  spontaneously  infected  horseflies  (Ghrysops, 
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Chrysozona,  Tabanus)  Hava  been  found  repeatedly,  and  in  experiments 
onfroratory  animal*  their  part  as  rector*  ol  the  infection  ha*  been 
proved  (gee  Chapter  Y).  These  observations  as  well  as  the  correlation 
between  the  flight  seasons  of  horsefliss  and  mosquitoes  and  the  season  • 
ality  of  the  arthropod-borne  outbreaks  which  has  been  noted  repeatedly  ■ 
(N.  G.  Olsuf'yev,  1940;  V.  P.  Borodin,  1958  and  others)  show  quite 
convincingly  that  in  this  type  of  disease  these  insects  specifically  are 
the  vectors  of  tularemia.  However,  in  some  cases  horseflies  may  be 
of  predominant  significance;  in  others,  mosquitoes. 

Arthropod-borne  outbreaks  usually  begin  in  July  or  June, 
j  reach  a  maximum  In  August  and  stop  in  September  or  the  beginning  of 
|  October  (Fig  40).  Haytime  and  harvesting  operations,  which  come 
about  in  the  second  half  of  July  and  August,  contribute  to  the  increase 
|  in  the  morbidity  rati. 


Fig  40.  Movement  of  the  Morbidity  Rate -by  10-Day  Periode  in  an  Ar- 
thropod- Borne  Outbreak  of  Tularemia  (after  S*  P.  Karpov  and  ccauth 
ora,  1945).  1,  10-day  periode;  2.  June;  3.  July;  4.  August. 
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Outbreaks  were  usually  local)  they  included  the  inhabitant  i 
of  one  or  several  inhabited  places  and  amounted  to  a  few  score  or  hun 
dreds  of  cases.  However*  a  scattered  distribution  of  cases  is  also 
known.  Tor  example*  M,  I.  Antsiferov  and  coauthors  (1957)  noted 
that  in  one  of  the  rayons  of  Krasnoyarskiy  Kray  in  1930,  20Z  cases  of 
tularemia  were  recorded  in  24  inhabited  places.  In  West  Siberia  In 
various  years  large  arthropod -bo me  outbreaks  were  noted  which  in¬ 
cluded  a  considerable  number  of  inhabited  places  (S.  P.  Karpov  and 
coauthors*  1945s  Yu.  A.  Isakov  and  O.  N.  Sasonova*  1946)  O.  V. 
Ravdonikas*  1953). 

In  arthropod-borne  outbreaks  chiefly  the  adult  population 
becomes  sick  which  participates  in  various  operations  associated  with 
being  in  river  valleyr.,  boggy  meadows,  etc. 

The  distribution  of  cases  by  sex  and  age  usually  quite  ac¬ 
curately  depicts  the  composition  of  the  participants  of  these  operation  i 
(S.  P.  Karpov*  1945i  Ye.  Bartoshevich*  1948  and  others).  However, 
if  an  inhabited  place  is  located  directly  in  a  natural  focus  of  the  soddy  • 
alluvial -boggy  type  cases  can  be  observed  beginning  with  early  child¬ 
hood  and  ending  with  advanced  old  age*  that  is*  also  among  persons 
who  do  not  leave  the  house  (Ye.  Bartoshs  vfich,  1948).  In  these  cases, 
evidently*  infection  occurs  from  infected  mosquitoes  or  horseflies 
which  fly  into  the  inhabited  place.  V.  G.  Filipenko  (1959)  noted  the 
role  of  winds  in  the  passive  transfer  of  Infected  blood-sucking  Diptera 
(mosquitoes)  far  beyond  the  limits  of  the  natural  focu  during  a  con¬ 
siderable  arthropod -bo me  outbreak  of  toiaremia  in  the  delta  of  the 
Terek  River  in  1955. 

Chiefly  the  exposed  parts  of  the  body  are  subjected  to  at¬ 
tack  by  blood-sucking  Diptera.  At  the  site  of  the  bite*  as  a  rule,  a 
small  ulcer  forma  which  is  localized  in  the  area  oS  the  face*  nr~k,  up¬ 
per  or  lower  extremities.  Depending  on  the  site  of  the  bite  a  regions 
lymphadenitis  develops,  usually  in  the  cervical,  parotid,  submaxillar  f 
axillary  and  inguinal  areas.  From  time  to  time,  also  the  ophthalmic' 
bubonic  form  is  observed,  which  is  explained  apparently  by  transfer 
of  the  infection  to  the  eyes  by  the  hands  after  crushing  ths  vectors  or 
by  the  entrance  of  the  insect  into  the  eye.  I 

Many  authors  have  studied  the  localisation  of  the  primary! 
inflammatory  changes  (small  ulcers)  and  particularly  buboes  in  vari¬ 
ous  arthropod -bo  roe  outbreaks,  ft  was  determined  that  this  localiza¬ 
tion  to  a  considerable  degree  depends  on  the  type  of  clothing  worn  by 
the  local  inhabitants.  If  the  lower  extremities  cannot  be  reached  by 
the  insects  (wearing  trousers*  boots),  the  small  ulcer  at  the  site  of 
the  portals  of  entry  of  the  infection  it  usually  located  on  the  face,  nec  i 
hand*  and  forearms  with  a  corresponding  localization  of  the  regional  I 
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lymphadenitis  (bubo).  If  the  lower  extremities  are  exposed  (wearing 
skirts*  walking  barefoot)*  the  small  ulcer  is  usually  localized  on  the 
leg*  and  the  bubo  develops  in  the  groin  (Y,  Q.  Beletskly*  1948).  Case  i 
are  known  where  several  small  ulcers  were  found  in  the  patients  whic  i 
were  located  in  various  places  on  the  body*  which  is  evidently  connect* 
ed  with  simultaneous  multiple  infection  by  the  vectors. 

The  presence  of  a  small  ulcer  on  the  skin  is  considered 
characteristic  of  am  arthropod-borne  infection.  However*  in  different 
outbreaks  the  percentage  of  cases  in  which  a  primary  lesion  was  fount 
varied.  Ye.  Bartoshevich  (1948)  writes  that  he  observed  a  primary 
lesion  "in  almost  all  patients";  Y.  G.  Beletskly  (1948)  found  small 
ulcers  in  92  percent  of  the  patients;  V.  P.  Borodin  (1958)*  in  64  per¬ 
cent;  G.  Ya.  Sinay  (1935)*  in  60  percent.  Ya.  I.  Belenkov  (1948)  ob¬ 
served  an  outbreak*  judging  from  his  description*  which  was  undoubted 
ly  of  the  arthropod-borne  type*  in  which  email  ulcers  at  the  sites  of 
the  portals  of  entry  were  found  in  only  six  percent  of  the  patients.  (If 
the  examinations  of  the  patients  are  not  careful  enough*  particularly 
during  the  period  of  recovery,  the  primary  lesion  can  easily  be  over¬ 
looked). 

The  author  considered  this  outbreak  a  water  outbreak  and 
believed  that  infection  occurred  chiefly  through  the  ekin  of  the  lower 
extremities  during  haymaking  on  the  wet  meadows.  The  editorial 
staff  of  the  Journal  of  Microbiology*  Epidemiology  ar:d  Immunobiology 
directed  attention  to  the  incorrectness  of  this  conclusion  at  the  time 
Y.  I.  Belenkov's  article  was  published. 

In  the  case  of  arthropod-borne  outbreaks  sometimes  pa¬ 
tients  with  the  anginal-bubonic  or  abdominal  (intestinal)  forms  of  tula  * 
emia  wore  noted.  In  these  cases  infection  hardly  occurred  from  the 
blood-sucking  Diptera;  rather*  we  may  think  of  a  water  route  of  tram 
mission  (Y.  S.  Sil'chenko,  1957),  because  during  summer  epizootics 
among  water  rats  various  bodies  of  water  are  infected  with  the  tular¬ 
emia  pathogen  (F.  G.  Pilipenko*  1953  and  others).  No  deaths  have 
been  noted  from  arthropod -borne  infection  In  the  USSR. 

Cases  associated  with  transmission  of  the  infection  by 
•  ixodial  ticks.  In  contrast  to  the  United  States,  where  for  a  number  of 
J  years  quite  a  number  of  cases  of  tularemia  infection  from  ticks  was 
,  recordsd  (see  Chapter  II).  in  the  USSR  cases  of  this  type  are  not  after 
|  recorded.  They  were  noted  in  the  middle  belt  of  the  European  port! or 
of  ths  RSFSR  (Moskovskaya*  Smolenskaya*  Tul'skaya,  Lipetskaya 
oblasts)  and  in  the  South  (Stallngradskaya  Oblast*  Stavropol'skly  Kray 
Armenia,  what  waa  formerly  Taidy-Kurganekaya  Oblast  of  the  Kazakl 
■  SSR),  The  occurrence  of  the  majority  of  them  was  in  natural  foci  of 
j^the  meadow-field,  forest  and  steppe  (ravinee)  type*. 
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At  the  present  time,  a  total  of  TO  <•**»«  of  tularemia  in 
people  haye  been  described  as  the  result  of  Infection  from  ticks  (A.  K. 
Shanshiyev,  1944;  N,  G.  Olsuf'yev  and  coauthors,  1949}  Y.  N.  ZU'- 
fyan,  1951;  Yu.  A.  Myasnikov,  1952;  A.  M.  Soriaa,  1955;  Y.  P.  Bor¬ 
odin  and  coauthors,  1956;  M.  A.  Aykimbayev,  1959  and  others).  As 
vectors,  mature  Dermacentor  pictus,  D.  marginatus,  Ixodes  ricinus 
and  Rhipicephalus  rossicus  ticks  were  noted.  The  infection  occurred 
during  the  course  of  attachment  of  the  ticks  to  the  human  body  (on  quei  - 
tioning  the  patient  this  fact  was  usually  established  comparatively  eaa;  *> 
ly),  and  the  disease  usually  occurred  in  the  form  of  the  ulcerative- 
bubonic  form.  Localization  of  the  primary  lesion  (small  ulcer)  dif¬ 
fered  in  accordance  with  the  site  of  attachment  of  the  ticks,  while  the 
latter  to  a  certain  degree  depended  on  species  characteristics  of  these 
parasites.  In  some  cases  it  was  the  inguinal  area  or  lower  extremities; 
in  other  cases,  the  axillary  region,  etc.  In  accordance  with  this,  bu¬ 
boes  were  observed  in  the  groin,  axilla,  etc.  The  conditions  for  the 
infection  were  more  or  less  of  the  same  ^ype  --  work  (taking  cattle  ou; 
to  graze  or  care  of  them,  wood-cutting,  etc. )  or  being  accidentally  in 
habitats  of  ticks.  In  one  case  the  infected  ticks  were  brought  into  the 
house  with  dry  twigs  (Yu.  A.  Myasnikov,  1952).  Cases  were  noted 
from  May  through  August,  that  is,  in  the  season  of  tick  activity. 

N.  G.  Olsuf'yev  (personal  report)  observed  a  case  of  tular¬ 
emia  in  an  adolescent  who  was  infected  with  dermacentor  ticks  while 
taking  them  off  a  cow  and  then  crushing  them  with  a  stone  in  the  South 
of  Moskovskaya  Oblast  (Mikhnevskiy  Rayon)  in  May  1948.  The  infec¬ 
tion  was  transferred  to  the  eyes  by  the  contaminated  fingers,  and  the 
patient  had  a  typical  ophthalmic -bubonic  form  of  tularemia.  Such  cas  • 
es  have  been  observed  and  described  repeatedly  in  the  United  States. 

In  places  of  occurrence  of  cases  of  tularemia  from  tick  in  • 
fection  cultures  of  the  patxiogen  of  this  disease  were  repeatedly  isolat¬ 
ed  from  the  ticks  (V.  P.  Borodin  and  coauthors,  1956;  V.  N.  Zil'fyan, 
1951  and  others),  which  confirms  the  role  of  ticks  as  vectors.  Ixodial 
ticks  are  infected  from  rodents  sick  with  tularemia  usually  on  this 
such  as  gray  voles,  hares,  hamsters,  and  partly  from  water  rats.  By 
preserving  the  tularemia  bacteria  in  their  bodies  for  a  long  time  the 
ticks  can  be  responsible  for  the  infectipn  of  people  even  if,  at  the  giv>4 
en  moment,  there  is  no  tularemia  epizootic  among  the  rodents.  The  I 
number  of  infected  ticks  in  the  focus  usually  does  not  exceed  one  per¬ 
cent,  but  in  various  areas  it  can  reach  five  and  six  percent  (N.  G.  01 
suf'yev  and  Ye,  N.  Tolstukhlna,  1949;  V.  P.  Borodin  and  coauthors, 
1958).  The  ability  of  the  ticks  of  the  species  listed  to  transmit  or  pr<  - 
serve  tularemia  infection  has  been  shown  experimentally  in  labora-j 
tory  animals  (see  Chapter  Y), 
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Apparently,  in  the  USSR  case*  of  tularemia  in  people  as  ti  e 
result  of  tick  Infection  occurred  more  often  than  they  were  recorded* 
because  the  diagnosis  of  sporadic  cases  of  tularemia  was  made  inade¬ 
quately  in  the  past  (Yu.  A.  Myasnikor,  1955). 

Cases  of  allergy  which  can  occur  in  those  people  vaccinat* 
ed  against  tularemia  when  naturally  infected  ticks  attach  themselves  1 1 
them  deserve  attention.  Two  such  cases,  associated  with  the  bites  of 
Khipicephalus  rossicus  ticks,  have  been  described  by  Y.  P.  Borodin 
and  coauthors  (1958),  In  both  patients  a  two -three -day  temperature 
elevation  to  37.  2-37. 5°  was  observed,  and  at  the  site  of  the  bite  red-  • 
ness  and  edema  of  the  akin  appeared  over  an  area  five-six  ceniimeteri  i 
in  diameter,  and  there  was  also  pain  or  itching.  In  one  case  pain  and 
enlargement  of  the  regional  lymph  node  were  also  noted.  A  culture  of 
the  tularemia  pathogen  was  isolated  by  a  biological  test  from  the  ticks 
removed.  These  data  indicate  the  fact  that  persons  inoculated  should 
take  r recautions  against  tick  bites  during  work  in  foci  of  tularemia 
and  should  observe  measures  of  personal  prophylaxis. 

Occupational  Type.  Cases  belonging  to  this  type  occurred 
in  the  water  rat,  muskrat  and  other  animal  industries  with  the  aim  of 
preparing  their  pelts  for  fur.  Chiefly  hunters  became  sick  and  in  soir  < 
cases  members  of  their  families  who  assisted  in  removing  and  process 
ing  the  pelts  from  the  animals  caught  became  sick  also.  Cases  of  tula  3 
emia  associated  with  hunting  and  the  consumption  of  hares  as  food  are 
i  distinguished  as  a  separate  epidemiological  type  by  us  as  well  as  othe  • 
authors,  because  hunting  hares  is  usually  not  of  the  nature  of  an  occu* 
pation,  and  infection  usually  occurs  by  the  alimentary  route  and  in¬ 
cludes  separate  families.  Existing  data  on  the  epidemiology  of  occu¬ 
pational  diseases  are  being  analyzed  in  accordance  with  the  species  of 
animals  involved  in  the  occupation. 

j  Infection  in  the  Water  Rat  Industry.  Outbreaks  of  tularem- 

i  la,  associated  with  the  water  rat  industry,  were  noted  for  the  first 
!  time  in  the  USSR  in  1927-1928  almost  simultaneously  in  a  number  of 
places  (Ryazanskaya,  Orenbuvgskaya,  Tyumenskaya,  and  other  ob¬ 
lasts).  The  number  of  cases  among  people  was  considerable,  for  ex- 
J  ample,  an  outbreak  in  Ryazanskaya  Oblast  amounted  to  800  cases  (see 
j  Chapter  I).  The  organization  of  a  large-scale  water  rat  industry  con¬ 
tributed  to  the  occurrence  of  large  tularemia  outbreaks;  this  was  nonr 
existent  prior  to  1927,  A  high  census  of  the  water  rat  and  the  relative 
ease  with  which  it  is  caught,  particularly  during  a  flood  period,  at¬ 
tracted  many  people  living  in  villages  near  their  habitats  to  this  occu¬ 
pation,  The  number  of  pelts  obtained  yearly  amounted  to  several  mil* 
j  lion.  In  subsequent  years  the  occupational  type  of  disease  was  noted 
[  repeatedly  in  many  places  of  the  territory  of  the  USSR,  where  jgatflT— 
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rats  are  numerous.  Outbreaks  of  tularemia  associated  with,  the  water 
rat  industry  hf-ve  been  described  in  detail  by  A.  A.  Yoi’fert*  (1928), 

X).  A.  Golov  and  coauthors  (1928)*  Q.  I.  Zarkhl  (1929,  1930),  A.  F. 
Komarova  (1945)  and  others. 

The  water  rat  industry  occurs  chiefly  during  the  period  of 
the  spring  river  overflow.  At  this  time,  the  animals  have  to  leave 
their  permanent  holes  and  acc'imulate  in  large  numbers  on  non -inun¬ 
dated  highlands,  the  taps  bushes,  trees,  and  are  easily  caught. 
Therefore,  occupational  outbreaks  were  usually  observed  in  the  spring, 
during  the  overflow  period,  and  in  divers  with  a  late  overflow  they 
were  noted  at  the  beginning  of  the  summer.  In  West  Siberia,  and,  in 
places  of  the  European  part  of  the  USSR,  an  autumn  water  rat  industry) 
exists,  and  at  this  t£n.ae  cases  of  infection  of  people  with  tularemia  have 
also  been  noted  from  the  rats  caught  (A.  F.  Komarova,  1945).  Infec-j 
tion  of  people  with  tularemia  usually  occurred  as  the  result  of  contact 
with  sick  water  rats,  their  carcasses  and  pelts.  Various  cases  of  in-J 
lection  through  the  bite  of  a  rat  have  been  noted.  The  duration  of  out-) 
breaks  of  this  kind  depended  on  the  duration  of  the  hunting  season.  At 
the  end  of  this  hunting  season  the  cases  stopped.  The  number  of  caseji 
was  determined  by  the  intensity  of  epizootics  among  water  rats,  the 
census  of  these  latter  in  a  given  locality  and  the  number  of  persons 
occupied  in  the  industry.  Not  uncommonly,  when  the  majority  of  in¬ 
habitants  of  an  inhabited  place  participated  in  catching  the  water  rats, 
i  skinning  them  and  further  processing  of  the  pelts  cases  of  tularemia 
assumed  a  mass  nature.  Thereby,  not  only  the  adult  population  but 
even  children  in  contact  with  the  contaminated  objects  became  sick. 
Adolescents,  who  usually  participate  in  the  water  rat  industry,  are 
subject  to  tularemia  infection  on  a  par  with  adults. 

In  connection  with  the  feet  that  tularemia  usually  occurs 
by  means  of  contact  with  sick  water  rats  and  their  pelts,  carcasses 
or  contaminated  objects,  characteristic  of  this  type  of  outbreak  is  the 
ulcerative -bubonic  or  purely  bubonic  form.  The  portals  of  entry  of 
the  infection  are  frequently  slight  scratches  on  the  skin  of  the  hands; 
therefore,  most  often  axillary  buboes  are  observed.  During  removal 
of  the  pelts  or  contact  with  the  carcasses  of  the  rodents  the  tularemia! 
microbe  can  be  transferred  to  the  conjunctiva  of  the  eye  by  contamin¬ 
ated  hands,  to  the  oral  cavity  and  to  other  parts  of  the  body.  There¬ 
fore,  ophthalmic,  anginal  and  other  clinical  forms  of  tularemia  can 
:  occur. 

|  Some  believe  that  in  the  case  of  occupational  outbreaks  th4 

j  infection  can  occur  through  rodent  ectoparasites  (gamasid  ticks,  fleaq, 
|  lice)  from  bites  or  from  crushing  these  insects  on  the  body;  however 
the  probability  of  such  Infection  is  extremely  slight.  We  have  not 
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found  any  accurately  established  facts  of  infection  of  people  under  cir< 
cun etancei  of  this  kind  in  the  literature.  However,  during  the  water 
rat  hunt  and  industry,  cases  of  infection  of  people  were  noted  through 
infected  water  or  blood-sucking  Diptera. 

Inadequately  dried  pelts  of  water  rats  can  present  a  dangc  r 
of  infection  when  they  n,re  given  to  storage  points  (P.  V.  Somov  and  co¬ 
authors,  1939;  A.  F.  Komarova,  1945). 

At  the  present  time,  as  the  result  of  compulsory  vaccina¬ 
tion  of  all  persons  participating  in  the  industry  and  their  family  mem¬ 
bers  as  well  as  the  taking  of  other  measures,  this  type  of  case  is  prac¬ 
tically  not  observed. 

Infection  in  the  Muskrat  Industry.  Cases  of  tularemia  in 
people  from  hunting  muskrats  have  been  noted  repeatedly  in  the  Unite < . 
States  and  Canada,  but  only  in  the  form  of  sporadic  cases  (see  Chap¬ 
ter  II).  In  the  USSR  acclimatization  of  the  muskrat  began  in  1928,  ant . 
at  the  present  time  this  valuable  fur-bearing  animal  has  become  a 
large-scale  hunting  object  in  many  places  of  the  country.  Special 
muskrat-hunting  economies  are  engaged  in  observation  of  the  multi¬ 
plication  of  the  muskrat  and  catching  it. 

The  first  case  of  infection  of  man  with  tularemia  from  a 
muskrat  was  noted  in  1937  in  West  Siberia  (B.  V,  Voskr-senskiy, 

1943).  Several  cases  of  transmission  of  disease  from  muskrats  were 
then  observed  in  Hovosibirskaya  Oblast  in  1939  (A.  F.  Komarova, 
1945).  Subsequently,  cases  of  infection  of  people  from  this  type  of 
rodent  were  recorded  in  Buryat-Mongol'skaya  ASSR  in  the  Selenge  de]  - 
ta  and  the  lowlands  of  the  Upper  Angara  (T.  G.  Linnik,  1957;  M.  I. 

|  Antsiferov  and  coauthors,  1957),  in  Kaz&khSSR  in  the  Syr-Dar'  delta 
(L.  S.  Kamennova  and  V .  M.  Smirin,  195?)  and  other  places.  Cases  | 
i  occurred  in  the  autumn,  winter  or  spring  during  the  period  of  muskra: 


ia  epizootic  among  muskrats,  which  was  determined  bacteriologically . 

The  transmission  of  tularemia  from  the  muskrat  to  man 
occurs  chiefly  under  the  same  conditions  as  in  the  water  rat  industry.} 
The  mechanism  of  infection  is  the  same,  that  is,  mainly  contact^ but 
in  various  cases  the  infection  could  occur  from  the  consumption  of 
muskrat  meat  as  food  or  the  drinking  of  unpurified  water  from  bodies 
,  of  water  where  the  muskrat  lived  (T.  G.  Linnik),  In  the  clinical  pic- 
j  ture  the  bubonic  form  predominated,  but  from  time  to  time  the  abdom  > 
|  inal  form  was  observed.  The  relatively  local  character  of  the  tular- 
emia  epizootics  among  muskrats  (see  Chapter  Y)  limits  the  epidem- 
'  iological  significance  of  this  species  of  rodent.  In  addition,  hunting 
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the  muskrat  is  usually  accomplished  in  an  organised  manner;  a  com 
paratively  small  number  of  hunters  participates  in  it,  which  limits  th«| 
possibility  of  infection  of  the  population  and  facilitates  the  accomplish 
ment  of  a  combination  of  prophylactic  measures.  The  latter  are  the 
same  for  muskrat  and  wacer  rat  industries  (see  Chapter  XI).  In  place 
where  both  types  of  industries  are  well  developed,  these  measures  ari 
conducted  in  a  standardized  manner,  considering  the  fact  that  the  samj 
persons  are  usually  engaged  in  the  muskrat  and  water  rat  industries. 

Infection  from  Hunting  Other  Species  of  Animals.  On  the 
territory  of  the  USSR  the  pelt  industry  is  well  developed  with  respect 
to  sousliks,  squirrels,  marmots,  hamsters,  moles,  ermines,  pole¬ 
cats  and  other  mammals.  However,  these  species  of  animals  are  rel 
atively  insensitive  to  tularemia  (they  belong  to  groups  II  and  IS)  in  the  r 
majority;  they  become  sick  with  a  relatively  sparse  seeding  of  the  or  > 
gans  and  tissues  with  tularemia  bacteria  and  are  involved  in  the  epizo  > 
otic  ociy  by  accident  (see  Chapter  V),  which  limits  their  epidemiologic¬ 
al  significance.  V.  A.  Bernikov  and  coauthors  (1935)  described  a  case 
of  tularemia  occurring  as  the  result  of  a  sourlik  bite  (in  the  village  of 
Ust'-Kurdyum  in  Saratovskaya  Oblast).  A.  A.  Selezneva  (1949)  ob¬ 
served  cases  of  tularemia  in  1941  in  one  of  the  rayons  of  Gorono -Altaf- 
skaya  autonomous  oblast  associated  with  hunting  and  the  consumption 
of  the  meat  of  long -tailed  sousliks,  Citcllus  undulatus,  as  food  with 
simultaneous  infection  from  infected  water  sources  through  drinking 
water.  On  epinootological  investigation  cultures  of  the  tularemia  mi¬ 
crobe  were  isolated  (by  biological  test)  from  the  long-tailed  souslik 
end  water  rat.  One  has  to  reckon  with  the  possibility  of  mechanical 
transfer  of  infection  through  the  bites  of  carnivores  (group  in),  the 
oral  cavities  of  which  are  infected  from  eating  rodents  sick  with  tular 
en.ia.  Such  cases  have  been  noted  repeatedly  abroad  among  hunters 
;  and  have  been  confirmed  experimentally  in  polecats  and  guinea  pigs 
i  (N.  G.  Olsuf'yev  and  T,  N.  Dunayeva,  1951). 

I  Hunting  animals  highly  sensitive  to  tularemia  (group  I),  fojr 

j  example,  hamsters  and  moles,  can  be  of  indubitable  epidemiological  ! 

I  importance.  !ui  1953,  V.  P,  Bozhenko  and  coauthors  (1955)  observed  I 
cases  of  tularemia  in  people  in  one  of  the  steppe  rayons  (Rostovskaya  I 
Oblast)  associated  with  hunting  the  Precaucasian  hamster  (Mesocricetj- 
us  raddei).  Cases  of  tularemia  from  hunting  the  common  hamster  - 
(Cricetus  cricetus)  have  been  observed  in  the  Ukraine  by  S.  N.  Ruch- 
;  kovskiy  and  coauthors  (1935),  and  recently  they  have  been  noted  in 
Koumania  (see  Chapter  II).  Yu.  A.  Myasnikov  (1955)  reported  two 
cases  of  tularemia  in  people  engaged  in  mole  hunting  (Talpa  europaea)j 
in  Tu)  'skaya  Oblast.  The  cases  listed  indicate  the  need  for  taking  pro] 
phylactic  measures  In  hunting  these  species  of  animals. 
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Hunting-Food  Type.  In  this  type  of  cae*  we  include  those 
associated  with  hunting  hares,  removing  their  pelts,  as  well  as  dress* 
lag  and  eating  their  carcasses.  In  the  majority  of  foreign  countries 
hares  are  the  main  source  of  tularemia  in  people  (see  Chapter  XI).  In 
the  USSR  cases  of  tularemia  in  people  from  hares  were  first  found  by 
I.  F.  Berezin  (1931,  1934),  but  outbreaks  which  he  described  should 
be  considered  industrial  (see  below).  Sporadic  cases  or  individual  out¬ 
breaks  of  tularemia  occurring  as  the  result  of  hunting  hares  and  con¬ 
sumption  of  their  meat  as  food  were  noted  in  many  places  of  the  Soviet 
Union,  including  the  Ukraine,  Belorussia,  Moldavia,  the  middle  belt  • 
of  the  European  part  of  the  USSR  (Moskovskaya,  Tul'skaya,  Smolen¬ 
skaya  and  other  oblasts),  in  the  North  Caucasus,  in  Western  and  East* 
era  Siberia,  Kazakhstan,  etc.  They  were  described  by  S.  N.  Ruch- 
kovskiy  and  coauthors  (1935),  V.  N.  Ter-Vai.La.i^ .  aud  coauthors  (194;  ^ 
I.  N.  Mayskiy  (1944),  G.  P.  Slavin  (1946),  A.  A.  Selezneva  (1950), 

I.  R.  Orobinskiy  (1951),  M.  F.  Shmuter  (1958),  Yu.  A.  Myasnikov 
and  M.  I.  Tsareva  (1959)  and  others.  In  our  subsequent  presentation 
we  shall  use  chiefly  the  data  of  Yu.  A.  Myasnikov  and  M.  I.  Tsareva, 
who  generalized  on  materials  on  the  hunting -food  outbreaks  in  the 
RSFSR. 

In  the  central  and  western  oblasts  of  the  RSFSR,  in  the 
North  Caucasus  and  in  the  Ukraine  (M.  F.  Shmuter,  1958)  the  main 
source  of  infection  is  the  gray  hare  (Lepus  europaeus);  in  the  north¬ 
east  of  the  European  part  of  the  RSFSR,  in  West  Siberia  and  in  Yakut- 
skaya  ASSR  the  white  hare  plays  an  epidemiological  role  (Lepus  timi- 
dus).  In  Southern  Kazakhstan  cases  of  infection  of  people  have  been 
noted  from  the  Central  Asiatic  hare  (Lepus  tolai)  (N.  F.  Kalacheva  an(l 
coauthors,  1957).  Cases  from  hares  in  people  have  been  observed  on 
the  territory  of  the  RSFSR  every  year  (the  data  for  1946-1955).  More 
jthan  one-third  of  the  annual  morbidity  from  gray  hares  and  one-half  ol 
! the  morbidity  from  white  hares  occurred  in  the  spring,  although  at  thi  i 
!  time  hunting  hares  is  forbidden  and  catching  them  is  of  a  happenstance 
nature  (poaching,  catching  sick  hares,  etc.).  In  the  spring  a  tularemia 
epizootic  among  hares  is  apparently  at  its  peak.  It  is  associated  at 

•  that  time  with  the  attacks  of  infected  mature  ixodial  ticks  on  the  ani- 

» 

| male.  In  the  summer  the  number  of  cases  from  hares  occurring  in 
people  is  markedly  reduced  and  is  increased  somewhat  in  the  autumn, 
jat  the  beginning  of  the  hunting  season.  The  third  peak  in  the  morbidity, 
but  only  in  places  where  the  gray  hare  ?s  common,  occurs  in  the  winter 
j months.  This  rise  basically  is  observed  in  the  years  in  which  there  ii 
.a  high  census  of  small  mouse*  like  rodents  and  tularemia  epizootics 
among  them.  The  infection  o',  hares  in  the  winter  occurs  usually  dur¬ 


ing  feedings  at  hay  and  straw  stacks,  in  wbicn  there  are  voles  or  housj 
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mice  sick  with  tularemia  which  by  their  excretions  infect  the  straw  and 
the  hay.  In  places  where  white  hares  are  common,  winter  cases  of  inj 
faction  of  people  from  hares  are  not  observed,  which  is  explained  by 
the  ecological  characteristics  of  this  species  of  hare,  which  lives  in 
the  woods  and,  as  a  rule,  has  no  contact  with  the  common  vole.  Xn  ad¬ 
dition,  in  the  northern  rayons  of  the  European  part  of  the  U$SR  in  Si- 1 
beria-,  where  the  white  hare  lives,  winter  epizootics  among  the  commcjn 
and  other  voles  are  not  massive.  Depending  on  the  latitude  of  the  lo¬ 
cality  and  in  accordance  with  the  time  of  development  of  tularemia  epij- 
zootics  among  small  mouse -like  rodents  and  transfer  of  the  infection 
to  the  gray  hares  the  cases  o*  the  hunting-food  type  can  be  shifted  in 
time.  For  example,  in  Kalingrad&kaya  Oblast,  in  the  south  of  the 
Ukraine  and  <n  the  North  Caucasus  infection  from  hares  was  obnerved 
chiefly  in  November-December;  in  the  north  of  the  Ukraine  and  in  thej 
middle  belt  of  the  RSFSR  the  maximum  number  of  cases  occurred  in 
December-January-February.  in  various  years  the  proportion  of  cas<  s 
from  hares  in  the  total  tularemia  morbidity  rate  amounted  to  one -four 
percent  in  the  middle  belt  of  the  European  part  of  the  RSFSR;  two  per- 
j  cent,  in  Khar'kovskaya  Oblast  (in  Khar 'kov  30-40  percent  according  to 
)  M.  F.  Shro uter)}  in  Kalingradsk&ya  Oblast  it  reached  64  percent. 

Study  of  cases  of  infection  of  people  from  hares  shows  that] 
the  epidemic  hazard  is  constituted  by  animals  sick  with  tularemia 
which  can  be  caught  by  hand  or  killed  with  a  stick.  Characteristic  of 
the  "hare"  outbreak  is  familial  disease, which  is  found  chiefly  in  those  ] 
families  in  which  there  are  hare  hunters.  According  to  the  data  of 
Yu.  A.  Myasnikov  and  M.  1.  Tsareva,  only  in  15  percent,  that  is,  in 
less  than  one-sixth  of  all  cases,did  th  s  hunters  alone  become  sick.  Thjs 
number  of  people  infected  from  a  single  hare  can  differ  and  sometime^ 
reaches  10.  All  age  groups  are  equally  infected,  whereby  cases  of 
j  disease  in  tvro-three -year-old  children  are  observed.  The  infection 
j  occurs  most  often  from  skinning  the  an;jr.al,  eviscerating  and  dressin  ; 
the  hare  carcass.  Thereby,  the  pathogen  usually  penetrates  through 
the  skin  of  the  hands,  on  which  there  may  be  abrasions  sometimes  un- 
noticeable  by  the  naked  eye.  However,  in  part  of  the  cases  the  infec¬ 
tion  occurs  by  the  alimentary  route,  with  the  consumption  of  inadequate¬ 
ly  cooked  hare  meat  as  food.  Cases  of  infection  of  people  from  salted! 
hare  carcasses  have  been  noted  (1.  F.  Berezin,  1934). 

In  the  type  of  case  being  analyzed  the  ulcerative -bubonic  ! 
or  purely  bubonic  form  (50-60  percent)  predominates  with  an  enlarge-: 

I  ment  of  antecubital  or  axillary  lymph  nodes  and  the  localisation  of  the' 

!  small  ulcers  (in  the  ulcerative -bubonic  form)  on  the  ekin  of  the  hands 
!  (usually  on  the  fingera).  Abdominal  (21-29  percent)  and  anginal -buboij- 
jjic  (11  percent)  forma  are  also  quite  frequent,  and  from  time  to  time 
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■  ophthalmic -bubonic  or  thoracic  forma,  of  tularemia  were  observed 
A  Usually  a  severe  course  of  the  disease  is  noted,  and  in  th< 

?e  oPttlimentary  infection  it  can  be  particularly  severe,  sometimes 
h  a  fatal  outcome  (T.  A.  Rubina,  1957)  M.  F.  Shmuter,  1953;  see 
o  Chapter  VII).  The  latter  should  be  connected  with  the  massive 
;e  of  infection,  because  in  hares,  as  in  other  Animals  of  group  I, 
iaremia  occurs  with  intense  seeding  (4++-++-H-)  of  organs  and  tissue  i 
h  bhcteria* 

In  the  literature  cases  of  tularemia  among  people  have 
)n  described  occurring  apparently  as  the  result  of  consumption  of 
:  meat  of  other  types  of  game  as  food,  particularly,  bear,  the  Cen- 
1  Asian  gaselle  and  wild  boar  (I.  R.  Drobinskiy  and  V.  K.  Klimuk- 
l ,  1948).  However,  these  cases  need  more  exact  proof,  because 
rotates  and  carnivores,  to  which  these  species  of  animals  belong, 

>  very  resistant  to  tularemia  (see  Chapter  V). 

Water  Type.  The  role  of  water  as  a  factor  in  the  transmi  i 
>n  cf  tularemia  from  sick  rodents  to  people  was  first  pointed  out  by 
/let  investigators  3*  N.  Starodomskiy,  I.  S.  Tinker,  P.  V.  Somov, 
A.  Vol'ferts,  Ye.  I.  Novikova,  S.  P.  Karpov  and  others,  which 
s  later  confirmed  in  the  United  States,  Turkey  and  other  countries, 
e  water  route  of  transmission  of  the  tularemia  microbe  is  associat  » 
with  considerable  stability  of  the  latter  in  water,  particularly  at 
/  teAcrature  (see  Chapter  HI),  as  well  as  with  the  fact  that  species 
rodeffts  which  are  sources  of  infection  live  along  the  shores  of  opei 
ter  bodies,  or  it  is  associated  with  the  chance  entrance  of  ro- 
\ts  sick  with  tularemia  into  sources  of  water  supply  (wells,  etc.  )• 

Data  which  have  been  accumulated  at  present  concerning 
:  water  type  of  tularemia  make  it  possible  to  distinguish  two  epidenr  - 
ogically  different  variants:  a)  infection  through  the  water  of  brooki 
1  other  open  sources  of  water  and  b)  infection  through  well  water. 

Infection  through  the  Water  of  Brooks  and  Other  Open 
trees  of  Water.  An  outbreak  of  tularemia  caused  by  infection  from 
ter  of  a  brook  was  first  observed  in  1935  in  West  Siberia  (formerly 
yginskiy,  now  Yashkinskiy  Rayon  of  Kemerovskaya  Oblast)  by  S. 
Karpov  and  N.  I.  Antonov  (1936).  The  cases  occurred  at  the  be- 
tning  of  July  during  haymaking  from  the  consumption  of  the  water 
:  drinking  purposes  (or  washing).  Cultures  of  the  tularemia  patho- 
n  wjere  isolated  from  the  water  by  guinea  pig  passage.  Subsequent- 
cases  of  this  kind  were  noted  repeatedly,  whereby  it  was  deter- 
ned  that  they  are  most  characteristic  of  the  natural  focus  of  the  foe  t- 
1-brook  (water  according  to  S.  P.  Karpov)  type,  where  the  propoi  - 
n  of  them  amounts  to  98  percent  of  the  entire  incidence  of  tularemi  t 

.  I,  Kuzina,  1959).  Most  often,  these  outbreaks  were  observed  in 
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Kemerovskaya  Oblast,  Altayskiy  Kray,  Vostochno-Kazakhstanskaya 
Oblast  and  in  the  Maykop  region  of  Krasnodar skiy  Kray. 

Infection  of  brooks  occurs  chiefly  from  water  rats  sick  wit  i 
tularemia  (or  animals  which  have  died),  whereby  the  pathogen  can  be 
found  in  the  water  of  the  brooks  sometimes  for  several  months,  to 
which  water-dwelling  animals  contributes  (see  Chapter  V),  in  the  opin 
ion  of  S,  P.  Karpov  and  A.  A.  Selezneva.  The  presence  of  the  tular¬ 
emia  pathogen  in  the  water  of  rivulets  and  other  open  bodies  of  water 
has  been  proved  repeatedly  by  various  authors  by  means  of  isolation 
}  of  corresponding  cultures  from  a  biological  test. 

Cases  among  people  usually  occurred  in  the  summer,  with 
the  maximum  in  July  or  August,  whereby  the  peak  is  associated  with 
haymaking  and  other  field  work,  diring  which  the  population  makes  ex  • 
tensive  use  of  water  from  brooks  for  drinking.  Cases  of  infection  fcavu 
also  been  noted  through  the  skin,  for  example,  in  washing,  bathing, 
walking  barefoot  through  the  brook,  doing  the  laundry  ^  etc. ,  but  the 
importance  of  this  route  of  transmission  of  the  infection  in  water  out¬ 
breaks  is  usually  small  by  comparison  with  alimentary  outbreaks.  In 
foci  of  the  foothill -brook  type  water  outbreaks  were  noted  not  only  in 
the  summer  but  also  in  the  winter  (T.  D.  Romashova,  1959).  In  view 
of  the  relative  stability  of  foci  of  the  foothill- brook  type  they  repre¬ 
sent  a  constant  epidemic  hazard,  and  the  prophylaxis  of  disease  in 
them  should  be  conducted  particularly  persistently. 

Such  infections  among  people  have  been  observed  quite  of¬ 
ten  also  in  natural  foci  of  the  soddy-alluvial-boggy  type,  for  example, 
in  Gmskaya  Oblast  during  the  period  from  1946  through  1955  they 
amounted  to  22  percent  of  the  entire  incidence  of  tularemia  (O.  V,  Ra' '- 
donikar,  1958),  In  Voronezhskaya  Oblast,  in  the  natural  foci  of  this 
type  water  infection  has  also  been  noted.  These  cases  have  been  ob~ 

I  served  in  the  summer  and  at  the  beginning  of  autumn,  frequently  slm- 
j  ultaneously  with  arthropod-borne  outbreaks,  and  the  infection  occurred 
•  either  by  the  alimentary  route  from  drinking  water  from  open  bodies 
of  water  (ponds,  natural  pools,  etc, }  or  during  bathing  in  ponds,  lakei , 
rivers,  in  walking  tl* rough  these  bodies  of  water  barefoot,  washing, 

|  doing  the  laundry,  etc.  (V.  S.  Sil'chenko,  1957).  Ir.  Moskovskaya  < 

!  Oblast  outbreaks  have  been  r.vted  repeatedly  in  connection  with  infoc-  j 
i  tion  from  the  water  of  springs  or  brooks,  whereby  it  waj  characteris-j 
}  tic  that  they  were  observed  only  in  the  winter.  These  outbreaks  oc¬ 
curred  in  a  relative!*'  inactive  manner,  a.»d  the  number  of  patients  was 
small  (M,  I.  Tsareva,  1959).  '*7 inter  outbreaks  of  tulai *mia  have  ai-j 
so  been  described  occurring  from  the  consumption  of  water  from  a  { 
commercial  water  supply  system.  In  these  cases  water  came  from 
open  bodies  of  water  (ponds,  etc. )  and  was  n "t  chlcrltu.,;d  (M .  I,  Tsajr - 
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eva,  1945,  1959*  S.  P.  Karpov, 
tularemia  pathogens  were  isolated  from  samples  of  water  taken  not  on  y 
from  the  water  supply  system  but  also  from  a  water  body  from  which 
the  water  came. 

Cases  have  been  noted  of  tularemia  as  the  result  of  the  at¬ 
tachment  of  leeches  (S.  N.  Ruchkovskiy  and  coauthors*  1935;  V.  S. 
Sil'chenko,  1950)  during  a  walk  in  the  water  through  marshy  places. 

In  these  cases  the  role  of  infected  water  has  not  beer,  ruled  out  com¬ 
pletely,  because  in  the  experiment  it  was  not  possible  to  transmit  tula  r- 
emia  through  leeches  (V.  P.  Romanova,  1949).  It  is  possible  that 
leeches,  by  impairing  the  Integrity  of  the  skin  at  the  time  of  their  at¬ 
tachment,  contribute  to  the  penetration  of  tularemia  bacteria  into  the 
wound  from  the  water.  In  the  United  States,  for  example,  a  case  of 
infection  of  man  with  tularemia  through  a  puncture  by  the  fin  of  a  fish 
caught  in  the  river  has  been  described  (Miller,  1939). 

The  water  of  small  open  bodies  of  water  as  well  as  of  dam 
sites  from  which  water  is  used  in  the  water  supply  system,  can  be  in¬ 
fected  by  small  mouse -like  rodents  also  during  the  period  of  their 
high  census  and  active  epizootics,  which  we  repeatedly  observed 

in  Stav^opol'skiy  Kray  in  1940.  The  tularemia  pathogen  at  that  time 
was  isolated  in  Nagutskiy  Rayon  from  a  pond  the  water  of  which  was 
used  by  the  populatior  Cultures  of  the  tularemia  microbe  were  also 
isolated  from  a  single  water  supply  Line  and  a  small  brook. 

Winter  water-borne  outbreaks  occur  somewhat  differently 
from  summer  ones.  Summer  outbreaks  are  of  an  explosion -like  nature; 
winter  outbreaks  occur  more  slowly,  without  great  peaks.  Thus,  an 
outbreak  described  by  S.  P.  Karpov,  dragged  on  from  December  to  the 
end  of  February:  10.2  percent  of  the  patients  were  recorded  in  Decem¬ 
ber;  60.  3  percent,  in  January;  29.5  percent,  in  February  V.  S. 

,  Sil'chenko  (1957)  believes  that  the  duration  and  character  of  the  course 
j  of  water-borne  outbreaks  depend  on  the  rapidity  with  which  the  focus 
|  of  infection  is  detected  and  with  which  antiepidemic  measures  are  tak  - 
|  en  rather  than  on  the  time  of  the  year  and  the  type  of  water  source. 

|  In  the  case  of  water  outbreaks  described  above  there  was 

1  a  predominance  of  the  anginai-bubonic  form  of  tularemia.  S.  P.  Karf- 
pov  ( i 9 'BO)  reports  that  in  the  outbreak  which  he  studied  in  1935  the  anj- 
ginai -bubonic  form  was  present  in  67.  5  percent  of  the  cases;  in  16.  3 
j  percent,  the  purely  bubonic  form;  in  4.6  percent,  the  ophthalmic  - 
•  bubonic  form  aud  in  11.6  percent,  the  intestinal  form  of  tularemia.  ; 

I  A.  A.  Selezneva  (1948),  who  studied  the  morbidity  rate  associated 
,  with  water  consumption  from  a  single  brook  during  the  period  from 
|  1939  through  1946,  determined  the  fact  that  in  81. 3  percent  the  angln* 
^al-bubonic  form  occurred;  in  11.4  percent,  tho  ophthalmic -bubonic; 
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in  2.  5  percent*  purely  bubonic  (with  localization  of  the  buboes  in  the 
inguinal  and  axillary  regions)!  in  1.8  percent*  the  intestinal  form*  an 
in  three  percent*  the  pulmonary  form  of  tularemia. 

In  the  case  of  water-borne  infection  the  ages  of  the  patient  i 
may  be  most  different;  specifically,  cases  have  baen  observed  where 
children  beginning  with  a  year  of  age  have  been  infected  (M.  I.  Taar- 
eva,  1959). 

N.  G.  Olsuf'yev  and  coauthors  (1959)  observed  two  cases 
of  allergic  disease  in  those  vaccinated  against  tularemia  lasting  one- 
two  days  after  drinking  water  from  a  brook  which  proved  to  be  infect¬ 
ed  with  the  tularemia  microbe  (several  cultures  of  this  pathogen  were 
isolated  from  the  water). 

Infection  through  Well  Water.  A  well  outbreak  of  tularemia 
was  first  described  by  P.  V.  Somov  (1937)}  then,  this  type  of  disease 
was  studied  by  us  (1944),  N.  A.  Popov  (1947),  V.  S.  SiTchenko  (1957)1 
M.  I.  Tsareva  (1959)  and  others.  Usually*  ;hc  well  outbreaks  occurred 
during  a  period  of  mass  appearance  of  small  morse -like  rodents  (com  * 
mon  voles  and  house  mice)  and  the  development  of  an  acute  tularemic 
epizootic  among  them.  Frequently,  agricultural  and  domestic  types 
of  outbreaks  were  noted  simultanecu&ly.  Infection  of  people  occurred 
from  the  consumption  of  water  from  the  wells  for  drinking  or  from 
washing  in  this  water,  after  rodents  sick  with  tularemia  had  by  acci¬ 
dent  entered  the  well.  In  the  South  well-type  outbreaks  were  observed 
in  the  autumn  and  in  the  'inter!  in  the  middle  belt  of  the  European 
part  of  the  RSFSR,  in  the  winter  or  early  spring.  The  time  of  their 
occurrence  to  a  certain  degree  depended  on  the  rime  the  penk  census  j 
of  rodents  was  reached,  as  well  as  on  the  intensity  of  migration  of  the 
latter.  Some  authors  have  explained  the  entrance  of  sick  animals  into 
,tho  wells  by  their  "need  to  drir.k"  but  this  is  incorrect,  because  in  the 
j  winter  the  moisture  on  the  surface  of  th*s  soil  and  in  the  fodder  la  en- 
jtircly  adequate  for  rodents.  During  their  migrations  rodents  mechan- 
-IcaJLly  come  *nto  the  wells  (if  there  Is  a  fault  in  them),  just  as  into  any 
'other  depressions  in  the  ground  (ditches,  trenches,  etc.)  encovintcred 
i along  their  line  of  movement.  The  following  epidemiological  indices  j 
|sre  characteristic  of  infection  from  well  water  (I.  N.  Mayskiy,  1945): 
j  1)  the  cases  are  limited  to  the  group  of  persons  who  use  an  Infected 
jsource  of  water  supply  regardless  of  age,  sex  or  occupation;  2)  the 
teases  occur  in  a  very  short  time  and  after  the  infected  source  has 
stopped  being  used  (or  in  the  case  of  disinfection  of  it)  the  outbreak 
Jterminates  rapidly;  3)  the  predominant  cliniccl  form  of  disease  In  thii 
j  kind  cf  outbreak  ia  the  anginal -bubonic  form  of  tularemia  ,  | 

|  An  outbreak  occurring  in  February  in  one  of  th*  sovkhoaesj 

of  Rostovskaya  Oblast  against  the  background e^laootic  1 
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in  small  mouse-like  rodents  (P.  V.  Somov,  1937)  can  serve  as  an  Il¬ 
lustration  of  this  type  of  case.  In  a  period  of  22  days  242  persons  b<  - 
came  sick,  which  amounted  to  about  40  percent  of  the  inhabitants  of  th  > 
village  who  used  water  frum  the  well.  Infection  of  the  water  was  prov  ri 
by  isolation  of  the  tularemia  microbe  from  it  twice  {by  the  biological 
test).  The  outbreak  was  of  an  explosive  nature  (Fig  41)  and  included 
all  age  groups;  particularly  numerous  were  patients  of  school  and  pre¬ 
school  (from  one  to  seven  years)  age.  The  anginal -bubonic  form  of 
tularemia  was  predominant. 

A  large  number  of  cases  associated  with  the  consumption 
of  infected  water  from  wells  was  observed  in  1940  during  a  tularemia 
outbreak  in  Stavropol'skiy  Kray.  Thereby,  we  found  many  wells  infec  » 
ted  witn  the  tularemia  pathogen.  In  their  majority  It  was  possible  to 
show  the  bodies  of  rodents  which  had  fallen  into  the  wells  because  of 
defective  livings  or  the  absence  of  covers. 

We  and  N.  N,  Litvinov,  L.  M.  Khatenoyer  and  others  have 
noted  the  role  of  well  water  in  the  spread  of  tularemia  in  Stalingrad- 
;  skaya  Oblast  in  the  autumn  of  1942  and  in  the  winter  of  1942/43  during 
|  the  period  of  the  defense  of  Stalingrad. 

On  the  territory  of  this  Oblast  in  the  autumn  cf  1942  the 
mass  appearance  of  mouse-like  rodents  occurred.  The  development 
of  military  operations  on  this  territory  considerably  complicated  the 
accomplishment  of  agricultural  operations  and  taking  agrotechnical 
measures,  which  contributed  to  rodent  multiplication.  The  mouse  cen¬ 
sus  reached  high  figures.  In  living  quarters  70-80  rodents  a  night 
were  caught  per  100  traps;  in  the  field,  20  animals  a  night.  Against 
i  the  background  of  the  high  rodent  census  a  tularsada  spisootio  oc  - 
!  currcd»and  after  this  there  was  an  outbreak  among  people.  Although 
jthe  lines  of  movement  of  the  infection  in  this  outbreak  were  different, 

| the  water  route  of  infection,  particularly  through  well  water,  was  of 
!  great  importance.  The  predominant  clinical  form  was  the  intestinal 
jform.  According  to  the  classification  existing  at  that  time  it  was 
|  called  the  ’’generalised"  form.  The  fact  that  In  61  percent  of  the  case|i 
1  intestinal  disorders  were  noted  (constipation,  diarrhea,  etc.)  is  evi-l 
•  dcnce  of  the  fact  that  this  was  actually  an  intestinal  form  of  tularemiaj 
!  Thereby,  a  large  number  of  cases  of  angina  were  observed,  as  the  re| 
jgult  of  which  many  local  physicians  who  were  not  well  acquainted  at  j 
ithat  time  with  the  <;iinicai  aspects  of  tularemia  made  the  diagnosis  of  | 
influensa  and  angina.  The  extensive  spread  of  angina  at  that  time  alscj 
was  evidence  of  the  fact  that  the  writer  rente  of  spread  of  the  infection 
in  this  outbreak  played  a  great  part,  reinfection  of  the  witer  of  welln 
'always  led  tc  a  rapid  reduction  in  the  incidence  of  tularemia. 

K,  F.  Aklnfiyev  (1955)  also  emphasise#  the  rolt  of  the 
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water  factor  In  the  epidemiology  of  tularemia  during  the  years  of  the 
Second  World  War. 

He  uotes  that  tularemia  infection  under  conditions  of  com* 
bat  operations  occurred  not  only  through  well  or  brook  water  into  which 
the  dead  bodies  and  excretions  of  the  rodents  fell  but  also  through  sno^r 
water  as  the  result  of  contamination  of  the  snow  cover  with  rodent  ex 
cretions.  Snow  water  not  uncommonly  was  used  for  drinking  and  do* 
me stic  needs  under  conditions  of  wartime.  From  the  materials  of  quejs 
tionnaires  of  the  patients  made  by  A.  I.  Volkov,  Ya.  I.  Belenkiy  and. 

B,  Ye.  Nesgovorov  it  was  mads  clear  that  41  percent  of  the  patients 
used  water  from  the  river  for  washings  43  percent,  snow  waters  and 
16  percent,  well  water.  For  the  purpose  of  drinking  43.7  percent  usejl 
river  waters  3d.  3  percent,  snowwaters  19  percent,  well  water. 
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Fig  41.  Movement  of  the  Morbidity  by  Days  in  the  Case  of  the  Water 
(Well)  Tularemia  Outbreak  (After  P.  V.  Somov,  1937).  1.  No.  of 
people  who  became  »*ck;  2.  February. 


In  various  cases,  when  the  wells  wore  located  in  the  area 
of  a  natural  focus  of  the  soddy -alluvial -boggy  type  the  source  of  infec 
tion  of  the  water  was  constituted  by  water  rats  (S.  P.  Karpov,  1950; 
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V,  S.  Sil'chenko,  1957).  V.  S.  Sil'chenko  (1957),  after  generalizing  on 
data  snx  water  outbreaks  of  tularemia  in  Yoronezhskaya  Oblast,  noted 
that  in  water-borne  infection  of  people  by  the  alimentary  route  the  an¬ 
ginal-bubonic  form  was  noted  in  62-67  percent}  the  abdominal  form, 
in  33-38  percent  of  the  cases.  Cases  of  angina  were  unilateral  (76-82 
percent)  and,  less  often,  bilateral  (18-24  percent).  In  a  number  of 
cases  the  author  observed  the  mixed  form  of  tularemia  --  anginal-bu¬ 
bonic  and  abdominal,  which  finds  its  confirmation  in  experimental  stuc  ■ 
ies  on  guinea  pigs  (R.  A.  Savel’yova»  1958).  Lesions  of  the  mucous 
membrane  under  the  tongue  and  in  the  lymph  nodes  of  the  floor  of  the 
mouth  were  found  by  V.  S.  Sil'chenko  in  seven- 12  percent  of  the  pa¬ 
tients  (simultaneously  with  the  other  forms)  of  those  who  cleaned  their 
teeth  and  rinsed  their  mouths  wills  unboiled  water  from  infected  sourc¬ 
es,  At  the  present  time,  in  connection  with  th«  marked  limitation  of 
mass  multiplication  of  small  mouse -like  rodents  under  the  influence  ol 
the  increased  agrotechnical  measures  as  well  as  by  virtue  of  the  im¬ 
provement  in  the  sanitary  status  of  wells  and  mass  vaccination  of  the 
population  the  possibility  of  occurrence  of  well-borne  outbreaks  cf  tu¬ 
laremia  has  been  reduced  sharply.  However,  prophylaxis  should  be 
carried  out  in  full  measure  (see  Chapter  XI). 

Agricultural  Type ,  Tularemia  outbreaks  of  agricultural 
type  usually  occurred  at  the  same  time  as  a  period  of  mass  multiplica  ■ 
tion  of  small  mouse -like  rodents,  chiefly  common  voles  and  house  nu< 
and  the  development  of  a  tularemia  epizootic  amon?  them.  In  some 
places  in  the  Soviet  Union  where  these  species  of  rodents  are  few  or 
entirely  absent,  water  rats  (see  below)  were  noted  in  the  occurrence 
of  agricultural  cases  as  sources  of  the  infection. 

An  agricultural  outbreak  of  tularemia  occurring  simultan¬ 
eously  with  a  domestic  outbreak  was  observed  for  the  first  time  in  the 
winter  of  1933-1934  in  Rostovskaya  Oblast  (Salskiye  Stepi)  as  well  as 
in  the  southern  rayons  of  Stalingradskaya  Oblast  and  was  described  by 
V.  A,  Berdnikov  (1934),  A.  A.  Miller  (1937),  P„  V,  Somov  (1937)  an* 
others.  It  began  in  October,  reached  the  maximum  in  December,  and 
ended  in  February-March,  including  the  population  of  a  considerable 
territory  of  these  oblasts.  Initially,  the  outbreak  was  considered  an 
epidemic  of  influenza,  and  only  in  January,  when  it  began  to  decline,' 
was  the  correct  diagnosis  of  tularemia  made.  Basically,  house  mice 
were  sources  of  the  infection.  A.-  A.  Maksimov  (1948)  believes  that 
1  cases  of  the  agricultural  type  and  associated  domestic  infections  oc- 
|  cur  red  in  the  Soviet  Union  previously  also,  including  in  the  period  be- 
|  fore  the  revolution,  but  remained  undiagnosed.  Abroad,  cases  of  this 
|  kind  have  been  noted  in  Roum&nia  and  quite  recently  in  the  United 
j  States  (see  Chapter  a). _ _ '  _ _ _ _ 
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In  the  pre-War  years  as  well  as  during  the  years  of  the 
Second  World  War  and  during  the  first  years  after  the  War  agricultur¬ 
al  outbreaks  associated  in  their  origin  with  small  mouse -like  rodents 
were  observed  in  many  places  of  the  European  part  of  the  USSR;  to  th< 
north,  i  \  Leningradskaya,  Vologodsk&ya  and  Kostxomskaya  oblasts |  to 
the  south,  including  Moldavia,  the  Ukraine  and  the  North  Caucasus, 
Territorially,  they  coincided  with  the  natural  foci  of  the  meadow-field 
and  steppe  types.  During  the  years  of  the  Second  World  War,  when  thlt 
harvesting  of  cereals  on  the  fields  as  well  as  the  threshing  of  ricks 
was  delayed  in  a  number  of  cases  because  of  military  operations  or  a 
shortage  of  help  and  agrotechnics!  measures  were  reduced,  in  places 
particularly  severe  rises  in  the  census  of  small  mouse -like  rodents 
were  observed  associated  with  tularemia  epizootics.  Agricultural  and 
domestic  outbreaks  occurring  against  this  background  were  intense, 
particularly  in  the  middle  belt  of  the  European  part  of  the  USSR  (Tam- 
bovskaya,  Ryazanskaya,  MoskovBkaya,  Tul'skaya,  Orlovskaya,  Yoron  ■ 
ezhskaya  and  other  oblasts). 

Agricultural  outbreaks  of  the  pre-War  and  War  years  wer< 
studied  by  B.  V.  Yoskresenskiy  (1940),  G.  P.  Slavin  (1946),  N.  Y. 
Nekipclcv  (1946),  L.  V.  Gromashevakiy  (1947)  and  others.  The  obsei- 
vatioui  showed  that  the  occurrence  of  agricultural  outbreaks  was  as¬ 
sociated  with  a  concentration  of  rodente,  chiefly  the  common  vole  (anc 
in  the  >Jouth  the  house  mouse  as  well)  in  the  corn-stacks,  hay  ricks  an 3 
straw-stacks,  root  cellars,  granaries,  etc.  Persons  participating  in 
the  stacking  and  carting  of  hay  and  stray,  in  winnowing  and  sorting  the 
grain,  as  well  as  in  other  agricultural  operations,  were  subject  to 
infection. 

In  the  type  of  disease  being  analyzed  a  special  place  was 
occupied  by  the  so-called  "threshing"  outbreaks  of  tularemia  which  oc¬ 
curred  in  cases  of  delayed  (winter  or  early  spring)  threshing  of  the 
ricks.  A  large-scale  delay  of  threshing  of  cereal  crops  after  harvest  * 
ing  the  fields  and  stacking  represented  a  special  epidemic  hazard,  be¬ 
cause  in  the  stacks,  when  they  stood  a  long  time,  additional  favorable 
conditions  were  created  for  rodent  multiplication  and  for  the  develop¬ 
ment  of  tularemia  epizootics  among  them.  During  the  threshing  of 
such  stacks  a  large  number  of  living  and  dead  rodents,  including  thos< 
which  had  died  of  tularemia  (see  Chapter  V)  were  found  repeatedly  in 
them. 

While  settling  in  the  stacks,  corn-stacks  and  ricks,  ro¬ 
dents  sick  with  tularemia  contaminate  the  straw,  grain  and  hay  with 
their  excretions  (urine,  stool),  and  these  substrates  can  remain  infec  :• 
ed  for  a  long  time  becauae  of  the  well-known  resistance  of  the  tularem* 
ia  microbe  to  the  environment,  particularly  in  the  presence  of  a  low 
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environmental  temperature.  In  the  study  of  one  winter  epizootic  of 
tularemia  among  role*  in  Tul’skaya  Oblast  the  preservation  of  the  tu¬ 
laremia  pathogen  in  the  straw  stacks  was  followed  for  several  winter 
months*  and  natural  disinfection  of  the  straw  occurred  only  at  the  end 
of  spring  with  the  advent  of  warm  weather.  The  presence  of  the  patho  » 
gen  in  the  straw  was  determined  by  means  of  a  biological  examination 
of  smears  from  it  and  subsequent  isolation  of  a  culture  (L.  A.  Pom  an- 
skaya,  1957). 

In  the  case  of  agricultural  outbreaks  infection  of  people 
usually  occurred  from  inhaling  dust  raised  into  the  air  from  the  infect *. 
ed  straw*  grain  and  other  substrates  when  they  were  processed  by 
machine  or  by  hand*  cleaned*  transported*  etc.  However*  in  various 
cases  during  the  accomplishment  of  agricultural  operations  the  infec¬ 
tion  occurred  by  the  alimentary  (eating  pea  seeds*  sunflower  seeds* 
hemp,  and  taking  food  with  the  unwashed  hands)  or  by  the  contact  rout^ 
(contact  with  the  bodies  of  rodents*  bite  of  a  rodent,  carriage  of  the 
infection  with  dirty  hands  or  in  dust  to  the  mucosa  of  the  eye,  puncture 
of  the  skin  with  the  straw*  etc. ).  Cases  of  the  agricultural  type  oc¬ 
curred  from  November  through  June  with  a  maximum  in  January - 
March  (in  the  south*  the  peak  was  in  December).  As  a  rare  exception 
the  occurrence  of  cases  associated  with  threshing  of  cereals  was  once 
observed  in  the  middle  of  September  (M.  M.  Gerasimova*  1954,  Kalin- 
in  skaya  Oblast). 

Cases  of  the  type  under  analysis  were  usually  noted  among 
persons  engaged  in  doing  general  work,  whereby  they  could  occur  even 
in  the  absence  of  late  threshing.  Infections  dviring  threshing  were 
usually  characterized  by  the  occurrence  of  mass  outbreaks  in  a  short 
time.  The  time  of  appearance  of  the  "threshing"  outbreaks  depended 
on  the  beginning  of  the  threshing  of  the  stacks  in  which  the  rodents 
were  involved  in  the  tularemia  epizootic.  In  the  absence  of  delayed 
threshing  cases  of  outbreaks  of  the  agricultural  type  were  less  numer¬ 
ous  and  usually  occurred  at  different  times.  By  and  large,  persons  at 
an  age  capable  of  doing  work  became  sick,  particularly  kolkhoz  mem¬ 
bers  (especially  the  field-  or  animal-husbandry  brigades*  MTS  /Ma- 
j  chine  and  Tractor  StationJ  workers,  workers  of  the  sovkhozes  and  sut 
j  Bidiary  economies).  However,  other  population  groups  became  sick 
also  if  they  participated  in  the  agricultural  operations. 

The  census  of  small  mouse -like  rodents  and  the  develop-  | 
ment  of  tularemia  epizootics  among  them  underwent  considerable  due- 
ituation  over  a  number  of  years,  in  connection  with  which  the  condition 
for  the  occurrence  of  cases  of  the  agricultural  type  also  change  d  In 
Tul'skaya  Oblast*  for  example,  the  increase  in  the  census  of  common 
1  voles  and  the  development  of  tularemia  epizootics  among  them  were 
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observed  usually  once  every  three  years;  in  the  south,  these  increase} 
were  even  less  often.  In  accordance  with  this,  cases  of  the  agricultur 
al  type  showed  the  same  rhythm  in  their  occurrence,  being  frequently 
completely  absent  in  the  intermediate  years. 

In  the  type  of  disease  being  analyzed,  in  accordance  with 
the  predominance  of  the  air  {dust)  route  of  transmission  of  the  infectioft 
most  often  the  thoracic  form  of  tularemia  was  observed,  whereby  the 
severity  of  the  course  of  the  disease  could  vary  considerably  -»  from 
mild  cases  with  slight  (frequently  overlooked  clinically)  involvement  o: 
the  upper  respiratory  tract  to  severe  pneumonia.  In  a  small  percen¬ 
tage  of  cases  anginal -bubonic,  abdominal,  ophthalmic -bubonic  and  oth 
er  forms  of  tularemia  were  noted.  The  opinion  was  expressed  that 
agricultural  outbreaks  the  infection  occurs  basically  by  the  alimentaryl 
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route  and,  correspondingly,  in  the  patients  the  intestinal  form  of  tularf* 


emia  is  predominant  (L.  V.  Gromashevskiy,  1947).  However,  this 
opinion  is  not  shared  by  the  majority  of  epidemiologists  as  being  con¬ 
tradictory  to  the  factual  data  (Yu.  A.  Myasnikov  and  O.  V.  Ravdonika^, 
1954;  I.  I.  Yelkin,  1959  and  others).  Epidemiological  observations 
as  well  as  experimental  studies  of  laboratory  animals  confirm  the  eas} 
of  aspiration  infection  with  minimum  doses  of  the  pathogen.  On  the 
other  hand,  it  was  established  experimentally  that  infection  through  th} 
intestine  is  usually  achieved  only  with  massive  doses  of  the  tularemia 
microbe,  because  its  penetration  into  the  intestine  is  prevented  by  the} 
bactericidal  power  of  the  gastric  juice  (R.  A.  Savel'yeva,  1956,  1958)| 
Frequent  involvement  of  the  respiratory  tract  in  cases  of  the  agricul¬ 
tural  type  also  speaks  for  an  aspiration  mechanism  of  infection. 

In  view  of  the  fact  that  the  agricultural  type  of  outbreak 
has  been  described  inadequately  in  the  literature,  we  are  presenting 
some  data  below  which  were  collected  by  the  comprehensive  tularemia) 

!  expedition  of  the  IEM  imeni  Gamaleya  during  the  period  from  1946 
through  1949  in  the  southern  portion  of  Moskovskaya  Oblast,  where 
this  type  of  disease  was  predominant. 

This  expedition  was  headed  by  N.  G.  Olsuf 'yev.  I.  N, 
Mayskiy,  N.  P.  Naumov,  T.  N.  Dunayeva,  V,  V.  Kucheruk,  G.  P. 
Uglovoy,  Ye.  V,  Karasayeva  and  others,  as  well  as  workers  in  Mikh-j 
nevo  Tularemia  Station  A,  I.  Nikolayeva,  P.  N.  Glagoleva  and  M.  A. 
Rubina  participated  in  it.  During  the  first  two  years  L.  M.  Khatenevdr 
and  his  co-workers  Y.  P.  Motor  nay  a,  S.  Gorinshteyn  and  others  also} 
participated.  It  was  determined  that  on  the  territory  of  seven  rayons 
(Mikhnevskly,  Serpukhovskiy  ,  Kashirskiy,  Stupinskly  and  others) 
where  observations  were  made  natural  foci  of  tularemia  of  the  meadow- 
field  type  were  of  the  greatest  epidemiological  importance;  of  lesser 
importance  were  foci  of  the  soddy-alluvial-boggy  (chiefly  in  the  Oka 
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River  Valley)  and  forest  types.  During  the  period  from  1938  through 
1948  in  these  rayons  1,057  cases  of  tularemia  were  recorded  among 
people.  By  years  the  incidence  was  distributed  in  the  following  way! 
in  1938,  211  persons;  in  1942,  367;  in  1943,  189;  in  1944,  36;  in 
1945,  136;  in  1946,  86;  in  1947,  one;  and  in  1948,  31  persons. 

Morbidity  rate  peaks  were  observed  in  1938  and  then  in 
1942-1946  and  were  most  often  associated  with  the  delayed  winter¬ 
spring  threshing  of  cereal  crops  and  other  agricultural  operations  (Fij 
42,  43)  against  the  background  of  a  rise  in  the  census  of  the  common 
vole  during  these  years  (Fig  44)  and  the  development  of  a  tularemia 
epizootic  in  its  population.  In  the  winter  of  1937/38  delayed  threshing 
i  occurred  in  various  kolkhozes  of  Mikhnevskiy  and  other  rayons  and  wa 
{ associated  with  a  very  good  cereal  crop  harvest  in  1937  with  a  shortag 
|  of  threshing  machines,  whereas  in  1942-1944  the  delay  in  threshing 
!  was  brought  about  by  a  shortage  of  help  (the  male  population  had  been 
I  drafted  into  the  army). 


S/% 


fo,*% 


/3  V. 


2  Sumhuu  o$M0jiom  OfpHodvx  ff) 

m 

®  npOHui  ycfioSufT?) 

E3  H/teiuu  u  aSytfmZiQ 


Fig  42.  Distribution  of  Cases  of  Tularemia  in  People  According  to  Coi 
ditions  of  Infection  and  Routes  of  Transmission.  South  Moskovskaya 
j  Oblaut.  1.  Winter  threshing  of  cereal  crops;  2.  Other  agricultural  op« 
erations;  3.  Water;  4.  Other  conditions;  5.  Ticks  and  Diptera. 
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Fig  43.  Movement  of  the  Morbidity  Rate  by  Monthe  (in  Percentage.  01 
tte  Aramal  Morbidity  Rate).  South  Mo.kov.kaya  Oblast.  1.  January!! 
2.  February)  3.  March!  4.  April!  5.  May!  4.  June)  7.  Join  8.  /  u 
,?•  September,  10.  October,  11.  November,  12.  DecemU,.  ' 
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Fig  44.  Variations  In  the  Census  of  Mouse-  Like  Rodents  (1)  and  IhciJ 
dence  of  Tularem- .  (2)  for  11  Years.  South  Mo.kov.kaya  Oblast.  3. 
Tears;  4,  No.  of  cases. 


.  ,  .  „  An  analyst,  of  the  cases  shows  that  those  a.socMted  with 

deUy.d  ttre.hing  were  not  the  only  type  of  disease  of  the  agricultural 
^rP?.'  Sbrty'°°*  pcrc,nt  of  the  cases  came  from  infections  during 
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threshing  and  16  percent  from  other  agricultural  operations.  In  this 
group  are  included  the  carting  cf  straw  and  hay,  giving  iced  to  ithe  cat* 
tie*  sorting  potatoes,  etc.  We  should  like  to  note  that  in  1944,  of  12 
cases  of  tularemia  from  agricultural  operations  only  one  case  occurred 
during  threshing.  In  the  focus  under  study  13  percent  of  the  cases  oc¬ 
curred  from  the  water  route  of  transmission  of  the  infectious  disease; 

0. 4  percent,  from  the  arthropod-bone  route  (blood-sucking  Diptera, 
ixodial  ticksjj  and  nine  percent,  under  other  conditions.  Domestic, 
occupational  and  other  diseases  are  included  among  the  "other"  group, 
An  investigation  of  the  population  in  1946-1943  by  means 
of  the  performance  of  an  intradermal  tularin  test  and  collecting  anam¬ 
nestic  data  showed  that  cases  registered  in  a  period  of  11  years  reflect 
only  a  small  part  of  the  people  who  recovered  from  tularemia  previoui  - 
ly.  The  actual  morbidity  rate  was  much  higher.  In  Mikhneyskiy  Ray¬ 
on,  in  26  inhabited  places  1,515  adults  and  46  school  children  were  in¬ 
vestigated  selectively;  of  these,  in  the  first  group  21  percent  reacted 
to  tularin;  in  the  second,  8.7  percent.  In  Serpukhovskiy  Rayon,  in  IE 
inhabited  places,  a  selective  investigation  was  made  of  346  adults  and 
104  school  children;  cf  these,  28. 6  percent  in  the  first  group  reacted 
to  tularin;  :  i  the  second  group,  11.5  percent.  The  population  inves¬ 
tigated  had  never  be  .  inoculated  against  tularemia,  and  the  positive 
allergic  reactions  could  have  occurred  only  as  the  result  of  having  hat 
tularemia. 

Judging  from  the  anamnestic  data,  the  majority  of  person! 
had  the  disease  during  ihe  period  1942-1946,  and  part,  in  1938.  Ac¬ 
cording  to  tentative  calculations  the  number  of  people  demonstrated  in 
the  investigate  J»  inhabited  places  who  hao  had  the  disease  in  retrospec ; 
exceeded  the  number  of  tularemia  patients  registered  officially  during} 
the  period  from  1938  through  1948  by  approximately  10  times.  During 
the  investigation  it  was  noted  that  the  segment  of  the  population  which  j 
had  had  tularemia  varied  in  the  various  inhabited  places,  which  was 
explained  chiefly  by  their  being  under  different  landscape  conditions 
and,  apparently,  by  the  fact  that  these  inhabited  places  were  different} 
from  one  another  in  their  work  and  domestic  features.  The  effect  of 
the  latter  on  the  incidence  of  tularemia  is  seen  through  the  example  ol 
a  comparative  study  of  this  incidence  in  two  kolkhozes  of  Serpukhov¬ 
skiy  Rayon  located  next  to  each  other  under  the  same  landscape  condi  ¬ 
tions.  It  was  made  clear  that  in  kolkhoz  L. ,  where  the  agricultural 
operations  were  carried  out  in  time  and  the  kolkhoz  members  lived  ur  - 
der  better  monetary  circumstances  and  at  a  higher  cultural  level,  the 
incidence  of  tularemia  was  much  less  (12  percent  had  the  disease)  than 
in  the  poorer  M.  kolkhoz,  where  agricultural  operations  lasted  a  long¬ 
ue  r_tlme_(68  percent  had  the  disease). _ __ _ _ _ 
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In  the  study  of  the  focus  we  had  an  opportunity  tc  observe 
a  number  of  small  tularemia  outbreaks  of  agricultural  type.  In  one  oi 
the  kolkhozes  of  Serpukhovskiy  Rayon,  where  the  threshing  of  cereal 
crops  dragged  on  until  the  end  of  December  1947  cases  of  tularemia  ©<  - 
curred.  During  the  period  from  the  end  of  December  1947  through 
March  1948  20  persons  had  the  disease.  In  some  the  disease  had  a 
lingering  character  lasting  more  than  three  months.  In  nine  patients 
the  local  physician  made  the  diagnosis  of  influenza;  in  five,  pneumon¬ 
ia;  in  four,  malaria;  in  the  rest,  no  diagnosis  was  made. 

The  investigations  showed  that  all  20  persons  were  sick 
with  tularemia)  of  these,  13  participated  in  the  threshing;  the  iafec- 
tion  of  the  others  occurred  either  from  giving  feed  to  the  cattle  (three 
persons)  or  under  home  conditions  (four  persons),  particularly  in  dry¬ 
ing  grain  at  home,  during  the  use  of  straw  for  fuel,  etc.  On  the  three  i- 
ing  floor  where  straw-stacks  infested  with  rodents  remained  after  the 
threshing  a  tularemia  epizootic  was  found  among  voles. 

In  Serpukhovskiy,  Mikhnevskiy  and  other  rayons,  beginnin  ( 
with  1948,  mass  inoculations  of  the  population  with  tularemia  vaccine 
were  conducted  under  the  supervision  of  the  expedition,  and  in  1953  th  i 
cases  in  these  regions  had  been  reduced  to  the  level  of  sporadic  cases  , 
although  tularemia  epizootics  among  rodents  continued  to  be  found  from 
time  to  time  (M.  A.  Rnbina  and  coauthors,  1955). 

Above,  we  have  analyzed  cases  of  tularemia  of  the  agricul¬ 
tural  type,  the  occurrence  of  which  is  associated  with  small  mouse¬ 
like  rodents.  This  type  of  disease  has  so  far  been  recorded  only  in 
the  European  part  of  the  USSR  and  has  not  been  noted  in  Western  and 
Eastern  Siberia  or  in  Kazakhstan  (with  the  exception  of  its  western  por¬ 
tions),  which  is  associated  with  the  absence  or  low  census  of  the  com¬ 
mon  vole  here.  However,  in  Western  Siberia  and  in  the  north  of  the 
j  European  part  of  the  USSR  cases  of  the  agricultural  type  have  been 
noted  with  infection  coming  from  the  water  rat  in  cases  where  it  settles 
in  the  ricks  and  there  is  a  delayed  threshing  of  them.  These  cases 

I  are  characteristic  only  of  the  natural  foci  of  the  soddy-alluvial-boggy 
type  and  occur  during  the  autumn -winter  months.  The  mechanism  of 
•  infection  is  by  aspiration;  less  often,  alimentary  or  contact  (Yu.  A. 
Myasnikov  and  O,  Y.  Ravdonikas,  1954). 

During  recent  years,  in  connection  with  the  considerable 
enlargement  and  improvement  of  kolkhozes,  the  increase  in  agrotech¬ 
nics  and  extensive  mechanization  of  field  harvesting  operation  as  well 
as  mass  vaccination  of  the  rural  population  against  tularemia  cases 
of  the  agricultural  type  in  the  Soviet  Union  have  been  markedly  reduced, 
and  threshing-type  outbreaks  have  become  a  rarity.  This  gives  us 
rsason  for  the  belief  that  this  type  of  disease  will  be  one  of  the  first  U 
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The  Domestic  (Home)  Type.  Cases  of  tulazemia  of  this 
type  usually  accompanied  agricultural  outbreaks ,  but  they  sometimes 
were  observed  Independently.  Underlying  them  were  tularemia  epizo¬ 
otics  among  the  small  mouse -like  rodents ,  particularly  house  mice  in 
the  presence  of  a  high  census  of  the  latter.  G.  Ya.  Slnay  and  B.  Y. 
Vcekrecenskiy  (1943)  called  this  type  of  case  "contact-food",  but  this 
term  was  considered  unfortunate  and  it  is  no  longer  used. 

The  first  agricultural  outbreak  observed  in  1933-1934  in 
iloatcvskaya  and  Staling^adskaya  oblasts  (see  above),  occurred  simul¬ 
taneously  with  a  domestic  outbreak.  Subsequently,  the  domestic  out¬ 
breaks  which  occurred  more  often  as  outbreaks  mixed  with  agricultur* 
al  ones,  weve  noted  in  Stavropol'skiy  and  Krasnodarskiy  krays,  in  the 
Ukraine.,  in  Moldavia  in  the  central  oblasts  of  the  RSFSR  and  other 
places  (V,  N.  Ter-Yartanov  and  coauthors,  1943;  I,  N.  Mayskiy, 

1944;  G.  P.  Slavin,  1946;  L.  V.  Gromashevskiy.  1947;  N.  G.  Olsuf'  • 
yev  and  coauthors,  1953;  Yu.  A.  Myasnikov  and  O.  Y.  Ravdonikas, 
1954,  and  others). 

Cases  of  infection  occurring  during  life  at  home,  in  the 
house  or  on  the  homestead  are  called  "diseases  of  the  domestic  type". 
Character istic  of  them  is  a  familial  incidence,  although  sometimes  on  y 
one  of  the  family  members  can  become  sick.  In  the  case  of  familial 
disease  the  false  impression  has  been  created  that  the  healthy  mem* 
Jbers  of  the  family  are  infected  from  those  who  have  been  sick  previoui  - 
ly  (L.  M.  Khatcnever,  1946).  In  the  fbuth,  the  infection  is  usually 
brought  into  the  houses  (homesteads,  workers'  settlements)  by  house 
zr.ice  which  emigrate  from  the  fields  in  the  autumn;  in  the  central  ob¬ 
lasts  a  similar  role  is  played  by  common  voles.  However,  the  scale 
of  migration  of  house  mice  into  the  houses  is  considerably  greater  thai 
that  of  voles,  which  accounted  for  their  leading  role  as  sources  of  the 
infectious  disease  in  the  case  of  domestic  infections,  particularly  in  the 
south.  Rodents  sick  with  tularemia  contaminate  surrounding  objects, 
food  products,  water,  forage,  etc.  by  their  excretions,  and  infection 
of  man  occurs  from  these  objects  as  well  as  from  the  rodents  them¬ 
selves.  j 

i  Depending  on  the  size  of  the  territory  on  which  the  high  ro|* 

j  dent  census  was  observed,  cases  included  from  several  oblasts  to  one* 

I  village  and  even  were  limited  to  a  single  family  (Yu.  A.  Myasnikov  ani 
O.  V.  Ravdonikas,  1954).  All  ages  were  equally  affected.  Sometimen 
the  cases  occurred  even  after  the  conclusion  of  the  epizootic  among  rc  - 
dents  (the  sorting  of  potatoes  in  the  potato  vault  in  the  spring,  the  use 
of  the  previous  winter's  straw  for  heating,  etc.).  The  mechanisms  of 
infection  were  most  varied:  aspiration  (heating  with  straw,  weeds. 
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cornhusks,  drying  and  grinding  of  grain  under  home  conditions,  sleep¬ 
ing  the  floor,  giving  fodder  and  bedding  to  the  domestic  cattle  and 
poultry,  etc.);  by  contact  {with  the  bodies  of  mice,  bites  of  mice  and 
cats,  etc.);  alimentary  (contamination  of  food  products  and  water  by 
rodents,  etc.).  The  morbidity  rate  was  highest  from  November  thrcu£t 
February,  but  sometimes  dragged  on  until  June.  As  an  example,  we 
should  like  to  dwell  on  an  outbreak  which  we  studied,  observed  in  1940 
in  Stavropol' skiy  Kray  (I.  N.  Mayskiy,  1944). 

An  increased  census  of  mouse -like  rodents  in  the  fields 
was  noted  in  the  spring  of  1940,  but  by  October -November  it  was  tre-  . 
mendous.  The  number  of  holes  of  common  voles  at  this  time  reached 
60,000-100,000  per  hectare  (according  to  the  data  of  N.  P.  Naumov 
and  the  local  Plague -Control  Station.  The  tularemia  epizootic,  devel¬ 
oping  against  the  background  of  an  exceptionally  high  census  of  small 
mouse-like  rodents,  was  very  intense.  Of  predominant  significance 
as  sources  of  the  infectious  disease  were  house  mice,  in  which  from 
September  1940  through  May  1941  at  different  points  in  the  kray  tular¬ 
emia  was  found  in  193  cases.  Simultaneously,  the  infectious  disease 
was  found  in  common  voles,  brown  rats,  wood  mice,  gray  hamsters 
fCricetulus  raigratoriusj,  gray  hares  and  other  mammals  (V.  N.  Tex- 
Yartanov  and  coauthors,  1943). 

Observations  in  the  foci  of  infectious  disease  which  oc¬ 
curred  confirmed  the  exceptionally  great  epidemiological  significance 
of  house  mice  in  the  spread  of  the  infectious  disease.  Having  reached 
a  tremendous  census  by  the  autumn,  the  mice, with  the  advent  of  the 
cold,began  to  migrate  and  resettle  from  the  open  spaces  in  the  worker »' 
settlements  and  to  concentrate  in  the  houses,  granaries,  warehouses, 
etc.  This  led  to  an  increase  of  the  tularemia  epizootic  in  their  popu- 
1  latiotfcind  after  this  a  mass  outbreak  of  tularemia  began  among  people, 
During  the  period  of  their  mass  migration  the  mice  literally  flooded 
the  houses,  contaminated  not  only  food  p/oducts  (bread,  meat,  grain) 
but  also  household  articles. 

Of  the  other  species  of  rodents  in  this  outbreak  a  consider¬ 
able  epidemiological  role  was  played  by  the  common  vole.  According 
■  to  tLe  data  of  zoologists,  Zakharchenko  and  Timofeyev,  the  common  I 
|  vole  ceneus  amounted  to  18-20  percent  of  that  for  the  house  mice.  Thd 
concentration  of  voles  in  the  stacks  of  unthreshed  grain,  straw-stackel 
{and  places  in  which  cotton  was  kept  created  condition*  for  tularemia 
infection  of  pereoae  working  in  threshing,  carting  straw  and  hay,  cot- 
|ton,  etc. 

1  The  mats  multiplication  of  mouse-like  rodents,  which 

reached  the  scale  of  a  "mouse  invasion",  and  the  tremendous  number 
'  of  individuals  among  them  infected  with  tularemia  created  an  exceedingly 
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high  com.  cut  ration  of  the  tularemia  microbe  in  the  foci’s,  which  was 
spread  out  over  a  large  territory.  Food  product*  --  bread,  flour, 
groats,  grain,  vegetables,  fruit,  nuts,  etc.  --  as  well  as  drinking  wa^ 
er  were  contaminated  by  the  excretions  of  the  rodents  and  became 
routes  of  transmission  of  the  tularemia  infection.  Considering  the 
richness  of  the  kray  in  all-possible  agricultural  products  which  were  ) 
sent  to  all  comers  of  the  Soviet  Union  {particularly  grain,  hay,  cotton, 
wool,  meat,  etc.),  the  real  threat  of  spread  of  tularemia  to  territory 
free  of  it  could  be  understood.  Despite  the  measures  taken  to  prevent 
such  a  1  -ansfer  of  the  infection,  it  did  occur  in  one  case:  in  Baku 
grain  infected  with  the  tularemia  microbes  was  imported.  Because  of] 
the  low  census  of  local  rodents  (house  mice)  and  measures  taken  in 
time  for  extermination  of  them  the  epizootic  whh.h  began  among  these] 
animals  was  quickly  eliminated,  and  tularemi.'  was  not  observed  amotlg 
the  population.  However,  persons  who  dissected  the  rodents  and  mad* 
laboratory  examinations  became  sick. 

In  the  situation  which  was  created  in  Stavropol'skiy  Kray 
infection  of  people  occurred  by  different  routes:  a)  direct  contact  -- 
with  mouse -like  rodents  and  their  excretions;  b)  by  mouth  --  by  con-j 
]  taminated  hands  or  from  the  consumption  of  infected  food;  c)  through 
drinking  water;  d)  through  dust  --  the  aspiration  route,  from  the  till¬ 
ing  and  processing  of  cereal  and  forage  products,  etc.  Along  with  thd 
infection  from  small  mouse-like  rodents  in  the  autumn  (September-Oq- 
tober)  tularemia  in  four  people  was  noted  as  the  result  of  bites  of  pas 4 
tore  ticks  (species  not  determined).  j 

In  view  of  the  variety  of  conditions  and  modes  cf  infection  j 
of  people  in  the  same  focus  different  types  of  outbreaks  developed.  Net 
uncommonly,  in  the  same  inhabited  place  it  was  possible  to  observe  an 
outbreak  of  water  character  associated  with  the  consumption  of  infected 
well  water  for  drinking;  a  case  of  the  hunting-food  type  in  persons  en¬ 
gaged  in  hunting  hares;  cases  among  persons  participating  in  the  win¬ 
nowing  of  grain  and,  finally,  some  patients  were  infected  as  the  resu)  ; 
of  direct  contact  with  rodei.te  or  from  the  consumption  of  infected  foo< 
products.  In  a  number  of  inhabited  places  5C-  60  percent  of  the  inhab¬ 
itants  were  sick  with  tularemia;  thereby,  not  uncommonly  cases  be  gab 
simultaneously  in  the  entire  population  of  a  village  at  intervals  of  no 
more  than  two-three  days. 

Work  in  threshing  grain  and  winnowing  it,  sifting  flour, 
carting  straw  and  hay,  which  required  extensive  participation  by  the 
populated,  3 Iso  created  conditions  for  mass  tulartmi*  infection  of 
people.  In  a  number  of  cases  it  was  very  difficult  to  find  out  the  condi¬ 
tions  under  which  the  tularemia  infection  had  occurred,  because  all 
factors  were  preiient  simultaneously:  infected  water,  participation 
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the  population  in  agricultural  -work,  in  threshing,  winnowing  grain,  etr., 
infected  food,  contacts  with  rodents  and  contaminated  objects. 

The  highest  census  of  mice  and  the  peak  of  the  epizootic 
preceded  the  moment  of  the  highest  morbidity  rate  in  the  population  by 
several  days.  Thus,  in  the  village  K.  the  highest  number  of  mice  was 
observed  between  10  and  15  November;  the  greatest  number  of  cases 
of  tularemia  in  people,  between  20  and  25  November.  The  same  pic¬ 
ture  was  also  noted  in  other  inhabited  places.  Such  facts  have  been  es  * 
tablished  also  during  a  similar  outbreak  in  the  autumn  of  1942  in  Stal- 
ingradsk&ya  Oblast  (Fig  45).  The  maximum  morbidity  rate  for  Stavro  . 
pol'skiy  Kray  as  a  whole  was  noted  between  20  and  25  November  (Ta¬ 
ble  24). 
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Fig  45.  Variations  in  the  Census  of  Mice  in  the  Houses  and  the  Move-] 
ment  of  the  Morbidity  Rate  of  Tularemia  in  People.  The  solid  line  | 
shows  the  number  of  mice  caught  per  day;  the  broken  line,  the  numbe 
I  of  people  who  became  sick.  1.  No.  of  rodents;  2,  No.  of  cases  of 
I  disease;  3.  September;  4.  October;  5,  November. * 
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Incidence  of  Tularemia  Among  People  by  Five-Day  Periods  in  Stavro¬ 
pol’  skiy  Kray  in  1940 
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Five  persons  died  of  tularemia,  which  amounts  to  0.03  per¬ 
cent.  It  should  be  noted  that  along  with  cases  of  tularemia  medical 
workers  recorded  a  mass  outbreak  of  influenza  during  the  period  of 
the  tularemia  outbreak.  Thereby,  the  increase  in  the  number  of  casef 
of  influenza,  just  like  those  of  tularemia,  reached  a  maximum  during 
the  period  between  20  and  25  October.  This  is  apparently  explained 
by  the  incorrect  diagnosis  of  a  large  number  of  cases  of  tularemia 
which  went  under  the  diagnosis  of  influenza.  With  the  aim  of  making 
the  diagnoses  more  accurate  500  patients  with  influenza  were  studied 
by  means  of  using  allergic  and  serological  tests.  The  specific  reac¬ 
tions  for  tularemia  were  found  positive  in  60  percent  of  the  cases. 

An  analysis  of  the  morbidity  rate  by  sex  and  age  shows  evj. 
dence  to  the  effect  that  in  the  case  of  domestic  infection  the  incidence 
of  tularemia  does  not  depend  on  these  factors.  In  the  village  K,  of 
352  persons  who  became  sick  with  tularemia  there  were  160  men  and 
192  women.  Seventy-one  persons  under  the  age  of  10  became  sick  (inf 
eluding  two  children  under  the  age  of  one);  71,  from  11  to  20;  65, 
from  21  to  30;  80,  from  31  to  40;  42,  from  41  to  54;  and  23,  over  th^ 
age  of  50. 

With  respect  to  the  clinical  picture  in  this  outbreak  the 
pulmonary  form  amounted  to  6.  5  percent;  the  "generalized  form", 

49*5  percents  the  bubonic  form,  44  percent;  here,  the  anginal-bubonji 
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jform  was  observed  In  13.  5  percent  and  the  ophthalmic -bubonic  form, 
in  0.  3  percent.  At  the  present  time,  it  is  not  possible  to  break  down 
more  accurately  the  group  of  patients  with  the  diagnosis  ’'generalized” 
form  of  tularemia.  In  it  there  could  have  been  cases  of  abdominal  and 
thoracic  forms.  Since  the  occurrence  of  various  clinical  forms  is  as¬ 
sociated  with  the  mode  of  infection  it  may  be  stated  that  in  the  given  ov  t- 
break  apparently  the  alimentary  route  of  infection  was  the  main  one. 

At  the  same  time,  a  great  part  was  played  by  direct  contact  with  infec  - 
ed  substrates  as  well  as  by  the  aspiration  route  of  infection. 

In  outbreaks  of  domestic  and  agricultural  types,  studied 
later,  a  marked  predominance  of  the  aspiration  mechanism  of  infection 
was  determined,  and  in  accordance  with  this,  the  predominance  of  the 
thoracic  form  of  tularemia  (N.  G.  Olsuf'yev  and  coauthors,  1953). 

During  a  mixed  domestic  and  agricultural  outbreak  in  1933- 
1934  (in  Rostovskaya  Oblast),  S.  Ya.  Kreytser,  N.  K.  Grzhebina  and 
A.  S.  Kvashnina  (1935)  noted  cases  of  tularemia  in  domestic  rabbits 
and  simultaneously  in  people  taking  care  of  them.  The  authors  consid¬ 
ered  the  rabbits  the  source  of  infection  of  people;  however,  M.  F. 
Shmuter  (1955)  justifiably  doubted  this  conclusion.  In  warreners  the 
disease  had  a  course  of  the  anginal -bubonic  type, and  it  is  mare  probabl » 
that  the  infection  occurred  by  the  alimentary  route  from  some  other 
source,  for  example,  from  water  or  food  products.  Under  similar 
epidemiological  conditions  (that  is,  during  a  period  of  the  active  winte  r 
epizootic  among  mouse-like  rodents  and  the  mixed  domestic  and  agri¬ 
cultural  outbreaks  in  people)  M.  F.  Shmuter  also  observed  (in  1949) 
cases  of  tularemia  among  domestic  rabbits  on  a  rabbit  breeding  farm 
(infection  of  them  occurred  through  the  feed),  but  only  a  single  case  o: 
tularemia  was  noted  among  the  service  personnel  of  the  farm;  a  vet¬ 
erinary  physician  became  sick  after  dissecting  a  rabbit  which  had  diec  j 
!  the  form  of  disease  was  ulcerative -bubonic  (with  the  formation  of  smal 
j  ulcers  on  the  phalanx  of  the  finger  and  a  corresponding  enlargement 
of  the  antecubital  and  axillary  lymph  nodes). 

In  the  literature  there  are  indications  of  cases  of  infection 
of  people  with  tularemia  while  taking  care  of  hogs  (A.  F.  Komarova, 
j  1945)  or  during  consumption  of  their  meat  as  food  (V.  N.  Zil'fyan, 

|  1958),  but  without  bacteriological  proof  of  the  fact  that  these  hogs  wer  9 
actually  the  sources  of  infection.  Finally,  in  the  case  of  domestic  an< 
j  other  outbreaks  of  tularemia  occasional  cases  in  people  have  been  as¬ 
sociated  with  infection  from  cats  (A.  F.  Komarova,  1945,  and  others) 

1  without  a  precise  indication  of  the  circumstances  under  which  it  oc- 
I  curred.  Considering  the  high  degree  of  resistance  of  cats  to  tularem- 
j  ia  and  the  extremely  low  degree  of  infection  of  their  bodies  even  when 
^they  are  infected  purposely  with  massive  doses  of  the  tularemia  miendpe 
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these  cases  should  be  considered  mechanical  (from  bites,  scratches, 
etc.)  transmission  of  the  infection  by  animals  who  were  in  contact  wifcl 
sick  rodents. 

The  Food  Product  Type.  In  this  type  of  outbreak  are  case  i 
associated  with  group  infection  from  food  products  infected  somewherr 
(in  the  store,  storehouse,  dairy,  dining  room,  etc.).  Bread,  milk, 
pastry,  biscuits,  etc.  contaminated  by  the  excretions  of  rodents  sick 
with  tularemia,  usually  house  mice,  can  be  such  food  products.  Out¬ 
breaks  of  the  food  product  type  usually  accompanied  cases  of  the  do¬ 
mestic  and  agricultural  types,  but  sometimes  they  occurred  independ¬ 
ently.  They  were  first  observed  by  L.  M.  Khatenever  and  I.  N.  May¬ 
skiy  in  1940  in  Stavropol 'skiy  Kray  (I.  N.  Mayskiy,  1944).  Subsequen 
ly,  outbreaks  of  this  kind  were  described  by  I.  R.  Drobinskiy  (1949), 
S.  P.  Karpov  and  A.  D.  Lebedev  (1949),  Yu.  A.  Myasnikov  and  O.  V. 
Ravdonikas  (1954),  M.  F.  Shmuter  and  Ya.  L.  Svitsent  (1958)  and 
others  in  observations  made  in  the  central  zone  of  the  European  part 
of  the  RSFSR  (Tul'skaya  Oblast),  in  the  Ukraine  (Khar'kov),  in  West 
Siberia  (Kemerovskaya  Oblast)  and  other  places.  The  period  in  which 
cases  of  this  type  occurred  was  December  through  June.  In  their  clin 
ical  picture  there  was  a  marked  predominance  of  the  anginal -bubonic 
form  of  tularemia,  which  corresponded  to  the  alimentary  route  of  in¬ 
fection.  The  outbreaks  were  local  usually,  numbering  from  several 
to  tens  of  cases,  and  ended  immediately  after  the  utilization,  destruc¬ 
tion  or  disinfection  of  the  infected  food  product.  I.  N.  Mayskiy  and  L 
M.  Khatenever  noted  cases  of  tularemia  in  people  who  chewed  on  sun¬ 
flower  seeds  which  had  been  damaged  and  contaminated  by  mice.  Ac¬ 
cording  to  the  data  of  M.  F.  Shmuter  and  Ya.  L.  Svitsent  (1958),  in 
j  Khar'kov  in  1948  a  small  tularvmir  outbreak  was  demonstrated  asso- 
!  dated  with  the  consumption  of  food  p-  )ducts  bought  in  the  market 
(milk  or  sugar).  Over  a  period  of  five  days  24  persons  became  sick} 
of  these,  17  had  the  anginal -bubonic  form  and  seven  had  "localization! 
i  of  the  lesions  in  the  internal  organs"  (abdominal  form?).  During  this 
period,  in  the  locality  to  which  the  food  products  had  been  brought,  an 
active  tularemia  epizootic  was  noted  arrong  mouse-like  rodents.  The 
;  tularemia  outbreak  in  Kemerovskaya  Obi?  it  described  by  S.  P.  Kar- 
j  pov  and  A.  D.  Lebedev  (1949)  deserves  attention;  it  was  associated 
i  with  the  consumption  of  infected  milk  which  came  to  one  of  th»»  public 
I  dining  rooms  from  a  dairy.  The  outbreak  was  observed  in  October;  j 
in  seven  days  44  persons  became  sick,  and  in  all  the  anginal-bubonic 
form  of  tularemia  was  diagnosed.  The  infection  of  the  milk  occurred 
j  from  rodents  which  lived  on  the  premises  of  the  dairy  and  in  the  dlnin 
room,  which  was  confirmed  by  isolation  of  cultures  of  tularemia  path 
1  ogen  from  rodents  caught  (house  micajand  brown  rats). 
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The  prophylaxis  of  this  type  of  case  should  be  based  pri¬ 
marily  on  strict  observance  of  rules  of  sanitation  in  the  storage  and 
consumption  of  food  products. 

Food-Industrial  Type.  Cases  of  this  kind  occurred  at  en¬ 
terprises  of  the  food  industry  during  the  primary  processing  of  agri¬ 
cultural  food  products  as  well  as  during  the  slaughtering  and  dressing 
of  certain  kinds  of  meat  which  had  come  from  a  locality  unfavorable 
with  respect  to  tularemia.  Because  the  food  products  (or  animals) 
were  sometimes  brought  in  from  far,  and  the  enterprises  in  a  number] 
of  cases  were  located  in  cities,  these  cases  usually  occurred  unexpectj* 
edly  in  the  presence  of  complete  well-being  of  the  surrounding  terri¬ 
tory  with  respect  to  tularemia.  A  lack  of  correlation  of  the  places 
at  which  cases  of  the  food-industrial  type  occurred  with  the  natural  foj 
ci  of  tularemia  as  well  as  the  strictly  occupational  nature  of  these  caej 
es  distinguish  their  epidemiology  and  prophylaxis  sharply  from  out¬ 
breaks  of  other  types. 

The  food-industrial  type  of  tularemia  was  comparatively 
recently  distinguished  as  an  independent  one  (Yu.  A.  Myasnikov,  1955) 

.  It  should  be  noted  that  outbreaks  of  this  type  were  first  observed  in  thy 
I  USSR  almost  30  years  ago  (I.  F.  Berezin,  1931),  but  they  were  not 
correctly  classified.  Cases  of  this  type  can  be  divided  into  two  group  i 
according  to  their  epidemiological  characteristics;  of  these,  the  first 
group  is  associated  with  the  reprocessing  of  agricultural  products;  th« 
second,  with  the  slaughter  of  animals  and  dressing  of  the  meat. 

Infection  from  the  Reprocessing  of  Agricultural  Products. 

In  1940s  I.  N.  Mayskiy  and  L,  M.  Khatcnever,  in  one  of  the  cities  of 
the  North  Caucasus,  observed  cases  of  tularemia  among  workers  in 
mills  and  grain  elevators,  who  were  engaged  in  receiving  and  process]- 
ing  the  grain  which  came  in.  In  the  subsequent  years,  Yu.  A.  Myas¬ 
nikov  (1955),  A.  P.  Levchenko  (1955)  and  M.  F.  Shmuter  (1959)  de¬ 
scribed  cases  of  tularemia  among  the  workers  in  sugar  factories. 

These  cases  were  observed  in  the  winter  of  1948-1949  on  the  territory] 
of  the  Ukraine  as  well  as  in  Yoronezhskaya,  Kurskaya,  Tambovskaya ! 
and  Tul'skaya  oblasts  of  the  RSFSR.  Tularemia  among  the  workers  in 
sugar  factories  located  in  certain  oblasts  of  the  Ukraine  and  RSFSR  oc¬ 
curred  in  1946,  but  no  epidemiological  analysis  was  made  at  that  tirne^. 
According  to  the  data  of  the  authors  mentioned,  cases  of  tularemia  j 
among  the  workers  of  sugar  factories  were  observed  in  the  autumn-  ! 
winter.  They  began  in  November,  reached  the  maximum  in  Decembe^ 
(or  January),  coinciding  with  the  period  of  most  active  processing  of 
sugar  beets,  whereas  in  February,  March  or  April  the  cases  were 
isolated  ones. 

M.  F.  Shmuter  (1959)  points  out  that  in  the  winter  of  1948|> 
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1949  ia  six  oblast*  of  the  UkrSSR  more  than  3600  persons  became  sick 
with  tularemia  at  sugar  factories.  The  infection  occurred  from  sugar 
beets  coming  1  .to  the  plants  with  signs  of  contamination  and  damage 
by  rodents  (house  mice*  voles)  from  regions  whers  an  active  tularemia 
epizootic  had  been  observed  among  small  mouse-like  rodents.  In  thesa 
regions  considerable  outbreaks  of  the  agricultural  and  domestic  types 
were  noted.  Infection  of  the  sugar  beets  was  proved  by  the  isolation 
(by  a  biological  test)  of  cultures  of  the  tularemia  pathogen  from  wash¬ 
ings  taken  from  it  (Yu.  A.  Myaonikov;  M.  F.  Shixmter).  The  low  tem¬ 
peratures  of  the  autumn-winter  months,  at  which  time  the  sugar  beets 
were  transported  to  the  plants,  contributed  to  the  prolonged  preserva¬ 
tion  of  the  tularemia  pathogen  on  the  surface  of  the  beet.  At  the  sugar 
factories  cases  of  tularemia  occurred  first  among  workers  in  the  beet  - 
processing  shop,  where  the  sugar  beets  are  washed  and  cut.  In  a  num¬ 
ber  of  cases  almost  all  the  workers  in  thin  shop  became  sick  with  tu¬ 
laremia.  A  large  number  of  cases  was  also  noted  among  persons  who 
worked  in  other  shops  and  who  frequently  visited  the  beet-processing 
shop  by  virtue  of  the  nature  of  their  work  activity,  specifically  workers 
in  the  repair  and  power  shop  and  laboratory  workers,  a  considerable 
number  of  cases  was  also  noted  in  the  juice -purification  shop,  chiefly 
among  persons  working  next  to  the  beet-processing  shop,  for  example , 
among  laundresses  who  cleaned  the  napkins  for  the  filter  presses.  Ae 
far  as  the  workers  of  the  other  shops  are  concerned,  particularly  in 
the  auxiliary  shops  (the  products  shop,  boiler  room,  transportation 
room,  office  and  others),  the  morbidity  rate  among  them  was  several 
times  lower  than  among  the  workers  in  the  beet-processing  and  repair- 
power  chops  as  well  the  workers  of  the  laboratory.  Ir  some  of  the 
sugar  factories  up  to  23  percent  of  the  personnel  became  sick.  The 
number  ot  patients  corresponded  approximately  in  age  and  sex  to  the 
I  age  and  sex  composition  of  the  workers  in  the  corresponding  shops. 

The  aspiration  route  of  infection  was  predominant  from  the  inhalation 
of  small  droplets  of  infected  water  which  were  present  in  abundance  ii 
the  suspended  state  in  the  air  of  the  beet-proc  Being  shop.  Cor  res - 
,  pondingly,  96-100  percent  of  the  patients  had  "tularerila  of  the  intern- 
j  al  organs”,  including  the  pulmonary  fovrn  which  was  observed  in  34.2 
|  percent  of  them  (Yu.  A.  Myaenikov).  in  part  of  the  cases  the  alimen- 
I  tary  route  of  infection  was  noted,  for  example,  Yu.  A.  Myaenikov 
j  points  out  that  the  abdominal  form  of  tula  re  1  la  was  observed  in  1.9 
percent  of  the  patients;  the  anginal-bubonic  form,  in  1.9  percent, 
j  M.  F.  Shmuter  directs  attention  to  the  fact  that  among  workers  in  the 
j  beet  ailo  in  contact  with  sugar  beets  before  came  to  the  factory 
there  were  practically  no  cases  of  disease,  which  the  authr  ,  consid- 
;  ers  Indirect  confirmation  of  the  aspiration  Infection  of  pc^.l-  *  1.-^  j 
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the  washing  of  the  sugar  beets  at  the  factory. 

Infection  from  the  Slaughter  of  Animals  and  Dressing  the 
Meat.  I.  F.  Berezin  {1931*  1934)  describes  two  tularemia  outbreaks 
observed  in  the  spring  of  1930  and  1931  at  a  canning  factory  in  Kurgan 
(West  Siberia)  during  the  preparation  of  hare  meat  for  canning,  fiefoxe 
dressing  the  hare  carcasses  were  kept  in  the  frozen  form  at  a  temper- 
ature  down  to  -30°.  In  all,  more  than  100  pexsons  became  sick.  The 
patients  had  the  bubonic  form  oi  tularemia  in  which  the  bubo  was  locat  * 
ed  in  the  axilla  or  in  the  area  of  the  elbow  joint,  which  clearly  indicate  d 
the  contact  mechanism  of  infection.  In  two  cases  an  anginal -bubonic 
form  of  tularemia  was  observed.  Only  workers  in  the  batching  depart* 
ment  who  were  in  contact  with  the  carcasses  or  meat  of  the  hares  wer  s 
infected.  There  is  every  reason  to  consider  these  outbreaks  of  the 
food-industrial  type  rather  than  of  the  hare  (hunting -food  type  according 
to  the  current  classification),  as  had  been  (lone  previously. 

M.  F.  Shmuter  (1955)  noted  two  cases  of  tularemia  in 
people  during  the  dressing  of  carcasses  of  hares  at  one  of  the  meat 
combines  of  the  Ukraine.  The  infection  occurred  at  the  end  of  March  - 
beginning  of  April  in  a  department  in  which  the  rabbits  were  slaughter  s< 
and  their  carcasses  dressed.  The  rabbits  came  to  the  meat  combine 
from  areas  unfavorable  with  respect  to  tularemia  including  from  the 
rayon  in  which  the  author  had  found  cases  of  tularemia  in  rabbits  in 
one  of  the  rabbit  breeding  farms  during  a  period  of  an  active  tularemia 
epizootic  among  small  mouse -like  rodents. 

We  also  classify  classes  observed  at  meat  combines  during; 
the  slaughter  of  domestic  ungulates  under  the  heading  of  the  food-indun- 
trial  type.  In  the  USSR  such  cases  were  described  for  the  first  time 
by  R.  Ya.  Che  rain  (1953),  associating  infection  of  people  with  the  preu- 
ence  of  a  large  number  of  ixodial  ticks  on  cattle  coming  to  the  meat 
j  combine,  from  which  the  author  isolated  the  tularemia  pathogen  by  th< 

!  bioJogi  al  test.  R.  Ya.  Chernin  believes  that  infection  oi  people  oc- 
|  curred  at  the  time  the  cattle  were  slaughtered  both  from  the  ticks  and 
from  the  excretions,  which  were  found  in  large  quantity  in  the  fur  of 
the  a  Lmals  being  killed.  In  sick  people  the  ulcerative -bubonic  form 
of  tularemia  was  observed  with  a  localization  of  the  primary  lesion  on! 
the  hands  The  cases  were  observed  in  the  autumn. 

I  In  October -November  1954,  in  Leninakan  (Armenia)  at  a 

|  t/  eat -canning  combine  a  tularemia  outbreak  occurred  associated  with 
the  slaugl  er  of  sheep  (S.  M.  Smirnov,  1956;  M.  P.  Tereshchenko 
and  coauthors,  !95n).  N.  N.  Zhukov- Verezhnikov,  whose  materials  i 
we  are  using  for  the  description  of  this  outbreak,  took  a  direct  part  ini 
;  the  elimination  of  it.  Cases  of  tularemia  ir.  -Keep  have  been  recorded 
rspeateoiy  abroad  (United  States);  Jiey  have  also  been  described  in  tnm 


133 


'USSR  (see  Chapters  II  and  Y);  however,  cases  of  infection  of  people 
from  sick  sheep  or  their  meat  have  not  been  found.  American  and  Car 
adian  investigators  have  repeatedly  observed  cases  of  infection  ofpeopli 
taking  care  of  sheep  and  particularly  during  the  shearing  of  the  animal  i 
on  which  there  were  ticks  and  their  excretions  infected  by  the  tularem ■> 
ia  pathogen. 

Cases  of  tularemia  among  people  in  the  Lenin  akan  meat¬ 
canning  combine  occurred  during  a  period  of  mass  slaughter  of  sheep 
chiefly  among  workers  in  the  slaughterhouse  and  byproducts  shop  (in 
both  shops  the  number  of  cases  amounted  to  79  percent  of  the  total  cas 
es  of  tularemia  for  the  combine).  Chiefly  persons  who  cut  sheep  or 
dressed  the  fresh  meat  became  sick.  In  the  slaughterhouse  51  percen 
of  the  workers  became  sick  with  tularemia;  in  the  byproducts  shop. 

41  percent;  in  the  hide-salting  shop,  31  percent,  etc.  In  the  canning 
and  sausage  shops,  where  the  meat  was  brought  for  processing  after  a] 
24-hour  refrigeration,  only  occasional  cases  of  the  disease  were  ob¬ 
served,  which  indicated  the  low  degree  of  infectivity  of  such  meat.  In 
62  percent  of  the  people  who  became  sick  the  bubonic  form  of  tularemija 
was  noted,  whereby  in  the  majority  the  buboes  were  localized  in  the 
axilla,  which  indicated  contact  infection  througn  the  upper  extremities 
Numerous  cuts,  abrasions  and  other  minor  injuries  on  the  hands  of  th< 
workers  contributed  to  the  penetration  of  the  pathogen  through  the  skin 
Among  the  bubonic  forms  several  cases  of  anginal -bubonic  and  ophthal 
mic -bubonic  forms  of  tularemia  were  noted.  In  33  percent  of  the  pa¬ 
tients  there  were  no  external  inflammatory  changes  (including  buboes) 
whereby  in  one -third  of  the  cases  involvement  of  the  respiratory  tract 
was  noted,  which  could  serve  as  an  indication  of  the  aspiration  route 
of  transmission  of  the  infectious  disease.  In  the  shops  of  the  combine 
the  floors  and  panels  were  washed  by  means  of  firehoses  and  under  th^ 
influence  of  the  strong  stream  of  water  a  mist  was  created  in  the  air 
made  of  water-bearing  dust  containing  an  admixture  of  blood  of  the 
killed  animals.  The  abdominal  form  of  tularemia  was  observed  in  twej 
patients. 

On  examination  of  sheep  it  was  possible  to  isolate  the  tula 
lemia  pathogen  from  the  organa  in  the  case  of  three  animals  by  the  bio 
jogical  test  (chiefly,  from  the  lymph  nodes).  Numerous  cultures  were 
also  isolated  from  Haemaphysalis  otophiia  ticks  found  in  large  numbers 
I  on  the  sheep.  Infection  of  the  sheep  evidently  occurred  from  ticks 
which  had  crawled  onto  the  animals  during  their  drive  through  a  local* 
ity  in  which  there  were  natural  foci  of  the  disease. 

In  the  outbreak  described  it  was  determined  accurately 
that  sheep  brought  from  areas  unfavorable  with  respect  to  tularemia  j 
were  the  sources  of  cases  of  tularemia  in  workers  of  the  meat  combinie 
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I  and  that  infection  occurred  at  the  time  of  slaughtering  the  sheep,  both 
j  from  the  animals  themselves  and  from  ticks  parasitic  on  them.  Durinjg 
the  first  few  days  of  the  outbreak  which  had  begun,  when  the  diagnosis 
of  the  disease  and  the  causes  of  the  sickness  had  not  yet  been  estab¬ 
lished,  the  meat  and  byproducts  from  the  killed  sheep  were  delivered 
to  stores  and  public  dining  rooms  in  the  chilled  or  frozen  form.  A  to-j 
tal  of  one  case  of  tularemia,  occurring  from  the  dressing  of  ram  heads 
which  had  been  purchased,  was  detected.  People  were  not  found  to  b4 
infected  from  the  meat.  Nor  were  there  any  cases  found  among  work 
ers  in  the  tanning  plant  to  which  the  hides  taken  from  the  sheep  were 
brought  (S.  M.  Smirnov,  1956). 

Trench  Type.  Cases  of  tularemia  of  this  type  occurred  ur| 
der  conditions  at  the  front,  when  ditches,  tranches,  dug  outs ,  blindage 
etc.  were  used  during  the  period  of  military  operations  for  housing  thi 
troops.  The  occurrence  of  disease  was  associated  with  the  mass  set¬ 
tlement  of  these  structures  by  small  mouse -like  rodents  sick  with  tu¬ 
laremia  (house  mouse,  common  vole  and  others).  Outbreaks  of  this 
kind  attracted  attention  and  were  studied  in  detail  during  the  years  of 
the  Second  World  War  (G.  P.  Rudnev,  1943;  I.  N.  Mayskiy,  1944;  A. 

I.  Volkov,  1944,  and  others).  A  number  of  authors  believes  that  the 
disease  observed  during  the  First  World  War  during  the  positional 
warfare  of  the  troops  on  the  Russo-German  Front  and  described  unde^ 
the  name  of  "Volhynia"  or  "trench"  fever  was,  in  part  of  the  cases, 
tularemia  (L.  V.  Gromashevskiy,  1947;  A.  I.  Volkov,  1948,  and  oth¬ 
ers).  The  type  of  case  (outbreak)  being  analysed  here  was  described 
in  detail  by  K.  F,  Akinflyev  (1955)  and  G.  P.  Rudnev  (1955),  to  whose) 
works  we  refer  the  interested  reader.  Below,  we  shall  dwell  only  on 
the  main  characteristics  of  this  type  of  disease.  In  their  epidemiolog 
ical  and  episootological  characteristics  the  trench  outbreaks  were  veijy 
similar  to  the  domestic  ones. 

During  the  years  of  the  Second  World  War  the  basis  for  thji 
appearance  of  a  large  number  of  rodents  in  the  area  of  military  opera 
tions  was  a  marked  disturbance  of  agricultural  operations,  particular 
ly  a  poor  harvest,  untimely  plowing  of  the  fields,  etc.  In  the  fields 
!  the  ricks  remained  unthreshed;  straw,  hay  lay  unharvested;  in  the 
I  plowiands  and  in  the  Inhabited  places  weeds  grew,  etc.  AU  this  create 
ed  particularly  favorable  conditions  for  the  mass  multiplication  of 
common  voles,  house  mice  and  other  rodents.  With  the  advent  of  the 
cold  weather  a  concentration  of  rodents  was  noted  in  the  trenches, 
blindages  and  other  structures.  In  large  measure  the  rodents  fell 
into  the  open  trenches  and  passages  involuntarily  during  their  move¬ 
ments,  because  these  structures  became  a  kind  of  "gutter  trap"  for 
them .  Fo.  the  purpose  of  heating  the  blindages  as  well  as  for  Utter  ) 
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anti  for  stuffing  mattresses,  expensive  usa  was  made  of  straw  from 
straw-stacks  infested  with  rodents,  which  was  also  o£  epidemiological 
importance. 

The  greatest  number  of  cases  among  people  was  observed 
when  the  positions  were  located  in  an  open  locality  among  fields  and 
meadows.  The  maximum  morbidity  rate  was  noted  in  Ncvembex'-De- 
cember-January  (Fig  46)  and  then  in  March-April  during  the  period  of 
the  $now  thaw  (or  in  May)  a  second  wave  of  disease  v/as  observed  (G. 

P.  Rudnev,  1943;  K.  F.  Aldnfiyev,  1955).  in  the  dugouts  and  blindages 
constructed  in  the  forest,  cases  of  tularemia  among  people  were  rare.  . 
This  is  explained  by  the  fact  that  other  species  of  rodents  live  in  the 
forest  and  there  are  few  conditions  there  which  contribute  to  the  devel  ■ 
opment  of  an  active  tularemia  episootic  among'  them  in  the  wintertime. 


!  Fig  46.  Monthly  Morbidity  Rate  in  People  In  the  Period  from  Novem¬ 
ber  1941  through  April  1943  in  Percentages  of  the  Total  Number  of 
Cases  for  the  Entire  Period  (according  to  K.  F.  Akinfiyev,  1955). 

* 

|  Cases  of  tulcrcmia  in  the  trench  outbreaks  were  of  a  6e f-  . 

'  inite  focal  character:  people  who  were  in  certain  trenches  were  infeci- 
|  ed.  When  the  people  left  these  foci  the  incidence  of  tularemia  became 
aero  shortly  after;  when  these  trenches  were  inhabited  by  other  people 
j  disease  recurred.  j 

|  The  routes  of  Infection  in  the  trench  outbreaks,  as  in  the  | 

case  of  the  domestic  ones,  were  varied  and  numerous.  Most  often,  J 
\  the  aspiration  route  of  infection  occurred  associated  with  the  production 
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of  dust  from  the  use  of  straw  contaminated  with  sick  rodent  excretions 
for  litter.  In  accordance  with  this*  there  was  a  predominance  of  the 
pulmonary  (thoracic)  form  (G.  P.  Rudnev,  1943,  1955).  Frequently, 
infection  by  the  oral  route  was  observed  as  the  result  of  consumption 
of  food  products  and  water  infected  by  sick  rodents.  In  such  cases  the 
anginal -bubonic  and  abdominal  forms  developed.  Cases  of  infection  ai 
the  result  of  direct  contact  of  man  (hands,  legs)  with  sick  or  dead  ro- 
!  dents  were  comparatively  rare.  Cases  of  infection  were  noted  throug} 
cuts  in  the  hands  or  legs  made  by  infected  straw  (from  pulling  straw 
out  of  straw-stacks  and  stuffing  mattresses,  using  straw  for  packing 
in  boots  or  valenki  /felt  bootaj). 

The  mortality  rate  from  tularemia  under  the  epidemiolog¬ 
ical  conditions  being  considered  amounted  to  0. 17-0.  3  percent  (G.  P. 
Rudnev,  1955). 

Writer-borne  and  food  outbreaks  were  observed  together 
with  the  trench  type  in  the  theater  of  military  operations. 

Interrelationship  of  Different  Types  of  the  Disease 


Materials  accumulated  in  the  USSR  concerning  the  move¬ 
ment  of  cases  of  tularemia  and  their  epidemiology  are  evidence  to  the 
effect  that  for  more  than  30  years  (from  1926  through  1959)  tularemia 
in  people  has  occurred  at  different  periods  not  only  with  different  de¬ 
grees  of  intensity  (see  Chapter  I),  but  also  with  different  quantitative 
relationships  between  the  separate  epidemiological  types  of  disease 
(outbreaks). 

I  During  the  first  few  years  of  study  of  tularemia  it  was  be  ■ 

lieved  that  outbreaks  of  the  occupational  type,  associated  with  the  wat  • 
er  rat,  were  the  main  ones.  The  large-scale  occupation  revolving 
I  about  this  animal,  which  occurred  in  1927-1928  simultaneously  in  many 
|  places  of  the  USSR,  contributed  to  the  occurrence  of  a  large  number 
!  of  cases  of  tularemia.  However,  even  during  this  period,  which  un¬ 
doubtedly  coincided  with  a  rise  in  the  water  rat  census,  arthropod- 
borne  tularemia  outbreaks  appeared  to  a  notable  extent  (Astrakhan- 
ska  ya,  Voronezhskaya  and  Saratovskaya  oblasts,  South  Kazakhstan,  I 
West  Siberia,  and  Yakutiya),  which  indicates  activation  of  tularemia 
j  foci  of  the  soddy- alluvial -boggy  type  duriug  these  years.  During  the 
I  same  period  cases  of  the  industrial  type  were  noted  for  the  first  time. 

'  Possibly  at  that  time  also  cases  of  other  types  occurred  but  they  were 
j  few  and  went  under  different  diagnoses.  In  any  case,  any  considerable 
j  outbreak  the  occurrence  of  which  was  associated  with  small  mouse - 
|  like  rodents  would  hardly  have  remained  unnoticed  during  this  period. 
l_Gene rally,  before  1933  cases  of  tularemia  were  recorded  every  year 
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in  comparatively  small  numbers  and  in  a  limited  number  of  oblasts. 

In  1933  and  then  in  1938  and  1940  large  tularemia  outbreaks 
occurring  in  various  places  of  the  European  portion  of  the  USSR  (Nortt 
Caucasus*  southeast*  center)  against  the  background  of  mass  multi¬ 
plication  of  small  mouse -like  rodents  attracted  attention.  During  the 
course  of  study  of  these  outbreaks  the  important  epidemiological  role 
of  house  mice  and  of  common  voles  was  proved  for  the  first  time,  and 
new  types  of  outbreaks  were  established  --  agricultural,  domestic  ant 
water-borne.  During  this  period,  in  various  places  of  the  USSR  occu¬ 
pational  /water  rat?  and  artnropod-bome  outbreaks  were  also  observejd, 
and  cases  of  hunting-food  infections  (from  hares)  were  described  for 
the  first  time.  With  respect  to  the  number  of  cases,  arthropod-borne 
|  occupational  and  other  outbreaks  were  less  than  those  of  the  agricul¬ 
tural  and  domestic  types. 

Daring  the  years  of  the  Second  World  War,  when  in  a  num<  - 
ber  of  oblasts,  particularly  the  ,e  under  temporary  occupation,  disor¬ 
ders  in  the  management  of  agriculture  led  to  the  mass  appearance  of 
mout  -  like  rodents  and  the  development  of  an  active  tularemia  epizoot¬ 
ic  among  them,  agricultural,  domestic  and  water-borne  outbreaks 
were  predominant,  distinguished  by  their  mass  nature  and  the  variety 
of  routes  of  trans  mission  of  this  infectious  disease.  The  characteris¬ 
tic  features  of  wartime  and  the  unique  way  of  life  of  the  population  dur  - 
ing  this  period  led  to  the  occurrence  of  a  special  type  of  outbreak  which 
we  called  "trench’'.  These  outbreaks  were  distinguished  by  certain 
rules  and  regulations  in  the  spread  of  the  infection  and  required  speck l1 
prophylactic  measures. 

During  the  first  post-War  years  considerable  tularemia 
outbreaks  continued  to  be  observed  but  they  were  of  a  most  varied  na¬ 
ture.  Along  with  agricultural  and  domestic  outbreaks,  in  places  (for 
;  example,  in  West  Siberia)  considerable  arthropod-borne  outbreaks 
•were  observed.  Outbreaks  of  the  previously  little-known  industrial 
type  were  also  noted.  During  these  years  mass  inoculations  of  the 
population  with  living  tularemia  vaccine  developed  by  N.  A.  Gayskiy 
and  B.  Ya,  El'bert  (see  Chapter  X)  were  begun  with  the  aim  of  prophyl- 
,  axis  of  tularemia  in  many  places  in  the  USSR.  As  a  result  of  the  inocti- 
|  lations  cases  of  tularemia  began  to  decrease  sharply.  In  the  period 
under  analysis  (as  well  as  later)  in  various  regions  which  were  not 
|  completely  covered  by  the  inoculations  an  investigation  of  the  rural  j 
i  population  was  made  with  the  aim  of  determining  the  percentage  of  j 
i  people  who  had  had  tularemia.  For  the  purpose  of  retrospective  diag- 
!  nosis  the  intradermal  tularin  test  was  used  which  was  supplemented  ii 
■  a  number  of  cases  by  the  agglutination  test.  In  foci  of  the  meadow-  ! 

|  field  type  in  the  south  of  Moskovskaya  Oblast  21-28  percent  of  the  pooplc 
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were  found  to  have  had  tularemia  (chietiy  during  the  years  ox  the  Sec¬ 
ond  World  War)  among  the  adult  population;  in  Tui'skaya  Oblast, 
three -15  percent  (Yu.  A.  Myasnikov,  1955);  in  foci  of  the  aoddy-allu* 
vial-boggy  type  on  the  territory  of  the  Volga9  Akhfcubinsk  River  Valley 
within  the  limits  of  Stalingradskaya  Oblast,  three -six  percent  (V.  P. 
Borodin,  1958);  in  foci  of  the  foothill- brook  type  in  St&ro-Bardinskiy 
Rayon  of  Aliayskiy  Kray,  11-71  percent  (G,  P*  Uglovoy),  etc.  These 
data  indicate  the  considerable  spread  of  cases  of  tularemia  among 
people  in  the  past  in  the  region  of  active  natural  foci  of  this  infectious 
disease. 

Study  of  the  epidemiology  of  tularemia  shows  that  the  na¬ 
ture  of  the  cases  of  tularemia  changes  in  certain  periods  in  accordanc » 
with  the  living  conditions.  Here,  in  full  measure,  the  principle  of  the 
|  effect  of  social  factors  on  the  epidemic  process  is  confirmed.  Thus, 
while  in  1945  and  1946  96.  1  percent  of  the  entire  tularemia  morbidity 
for  the  RSFSR  came  about  in  the  agricultural,  domestic  and  other  out* 
breaks  the  occurrence  of  which  was  associated  with  small  mouse-like 
rodents,  in  1956  outbreaks  of  this  nature  amounted  to  19.2  percent 
for  the  RSFSR;  in  1957,  3.5  percent.  Undoubtedly,  in  addition  to  vac¬ 
cination,  a  marked  reduction  in  the  census  of  small  rodents  through 
improvement  in  the  management  of  agriculture  had  an  influence  in  re¬ 
ducing  the  morbidity  rate  from  these  types.  Against  the  background 
of  a  general  marked  reduction  cf  cases  of  tularemia  in  people  in  the 
!  past  10  years  an  increase  in  the  pxoportion  oi  arthropod-borne  out- 
I  breaks  is  characteristic.  The  ir  cidence  of  tularemia  of  the  arthropod  - 
borne  type  for  the  RSFSP  in  19-6  amounted  to  43.  2  percent;  in  1957, 
84  percent.  Changes  of  this  kind  in  the  nrtire  of  the  epidemic  out¬ 
breaks  occurred  in  other  republics  --in  the  UkxSSR  and  KazSSR.  In 
these  republics,  in  1956,  46  percent  of  the  tularemia  morbidity  rate 
was  from  the  arthropod-boxna  iype;  il.6  percent  from  the  agricultur  ■ 
al  type;  and  33,  5  percent  from  the  water-borne  type.  As  a  whole,  in 
the  USSR  in  1956  and  1957  the  maximum  number  of  cases  of  tularemia 
occurred  in  the  summer  months  which,  as  is  well  known,  is  character 
istic  of  infections  associated  with  the  transmission  of  the  disease  by 
blood-sucking  Diptera  or  through  the  water  of  open  water  bodies.  Of 
the  entire  morbidity  from  tularemia  7,  6  occurs  in  the  autumn -winter, 
at  which  time  the  disease  is  associated  with  an  epizoovic  *n  the  small 
mouse-like  rodents.  Everything  stated  is  evidence  *o  the  effect  that 
'  in  accordance  with  the  conditions  created  cases  of  tularemia  r_mong 
|  the  population  can  be  expressed  in  the  form  of  outbreaks  of  differe  nt 
|  characters,  distinguished  from  one  another  by  the  distinctiveness  of 
j  routes  of  transmission  of  the  infectious  disease,  mechanisms  of  in/ec 
;  tion  as  well  as  by  the  clinical  cours e  of  the  disease.  _ _ 
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The  marked  reduction  in  the  number  of  cases  of  tularemia 
achieved  in  the  USSR  in  the  past  decade  was  the  result  of  extensive  vat 
cinatlon  of  the  population  conducted  in  combination  with  other  measure 
directed  at  the  elimination  of  rodents  and  ticks. 

Conclusion 

Investigations  made  by  Soviet  authors  have  made  it  pos¬ 
sible  to  study  the  characteristics  of  tularemia  epidemiology  in  the  USS 
completely  and  thoroughly,  to  learn  the  basic  rules  and  regulations  of 
the  epidemic  process,  and  work  out  a  harmonious  system  of  prophylac 
tic  measures.  An  important  achievement  was  the  development  of  the 
classification  of  epidemiological  types  of  the  disease  (outbreaks),  on 
the  basis  of  which  it  was  possible  to  plan  and  carry  out  the  prophylaxit 
of  tularemia  in  a  differentiated  manner. 

We  have  come  to  a  period  in  which  the  problem  of  eliminat 
ing  tularemia  in  people  in  the  USSR  has  been  posed;  this  can  be  done, 
because  at  the  present  time,  in  addition  to  the  great  experience  in  con 
trol  of  tularemia  and  more  thorough  knowledge  of  its  epidemiological 
characteristics,  such  a  powerful  prophylactic  measure  exists  as  livinj 
tularemia  vaccine,  inoculation  with  which  affords  protection  against 
the  infectious  disease  for  a  number  of  years.  By  combining  careful 
vaccination  with  other  measures  it  is  possible  to  eliminate  completely 
the  cases  of  tularemia  in  people  in  the  Soviet  Union. 
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Chapter  IX 

Immunology  of  Tularemia 
General  Comment* 

Soviet  investigators  of  tularemia,  following  the  best  tradi-j 
tions  of  Russian  microbiology,  have  from  the  very  beginning  of  the 
study  of  this  infectious  disease  begun  to  work  out  problems  of  its  im¬ 
munology  in  their  inseparable  relation  with  pathology.  Particular  notd 
should  be  made  of  B.  Ya.  El'bert  and  N.  A.  Gayskiy,  who  through 
their  investigations  laid  sound  bases  of  theoretical  and  practical  im¬ 
munology  of  tularemia.  The  investigatione  of  I.  N.  Mayskiy,  general-i 
is:.ed  on  in  his  book  Immunology  of  Tularemia  as  well  as  the  doctoral 
dissertations  of  I.  S.  Tinker,  A.  Y.  Mashkov  and  V.  A.  Yudenich, 
represent  an  important  contribution  to  the  study  of  immunity  in  tular¬ 
emia.  We  should  also  like  to  mention  the  earlier  workers  of  L.  M. 
Khatenever,  G.  Ya.  Sinay,  A.  A.  Miller  and  co-workers,  N,  K.  Ver* 
eninova,  N.  D.  Altareva  and  others.  Abroad,  problems  of  immunologjy 
of  tularemia  were  studied  by  Francis,  Foshay,  Downs,  Larson,  Kudo 
and  others. 

The  existence  of  good  laboratory  models  made  it  possible 
to  study  extensively  the  problems  of  tularemia  immunology  experi¬ 
mentally,  whereby  differences  in  the  infectious  sensitivity  and  immunj 
i z ability  (fox  the  substantiation  of  these  terms  see  Chapter  IV)  of  the 
species  of  laboratory  animals  used  made  it  possible  to  conduct  inves¬ 
tigations  from  a  comparative  aspect.  In  the  present  Chapter  both  the 
data  and  the  literature  and  materials  which  our  laboratory  has  at  its 
disposal  which  have  only  been  partly  published  are  generalized  on.  i 

We  shall  touch  only  on  the  ruleB  and  regulations  of  acquired 
immunity,  discussing  them  chiefly  on  the  basis  of  experimental  studies. 
Data  on  vaccination  of  people,  including  the  organization  of  inoculation  s 
j  and  their  effectiveness  under  practical  conditions,  have  been  relegate^ 

'  to  a  separate  chapter,  X. 

In  working  out  problems  of  tularemia  immunology  the  prin¬ 
ciple  advanced  by  B.  Ya.  El'bert  and  N.  A.  Gayskiy  (1941)  that  two 
different  antigenic  substances  (H  and  O)  are  present  in  the  tularemia 
|  microbe  and  that  the  virulent  and  immunogenic  properties  of  the  cell 
|  are  associated  with  only  one  of  these  antigens  (H),  which  is  lost  dur- 
't  ing  the  attenuation  process,  haa  proved  to  be  very  fruitful.  By  the 


same  token,  the  intermediate  position  of  vaccine  cultures  was  estab- 
j  lished  in  the  series  of  variations  of  the  tularemia  fractcria  from  the 
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original  S  virulent  form  to  the  R  variant  obtained  on  synthetic  nutrient 
media  which  is  completely  devoid  of  virulence  and  immunogenicity. 
These  ideas  about  the  antigenic  structure  of  the  tularemia  microbe  ant 
its  variability  have  been  confirmed  completely  in  our  studies  done  in 
conjunction  with  O.  S.  Yemel'yanova  (1958),  but  Egbert’s  and  Gay- 
skiy's  H  antigen  was  considered  a  Vi  sheath  antigen.  The  virulent  S 
strains,  which  are  the  carriers  of  the  ViO  antigenic  substances,  rep¬ 
resent  strong  stimuli  and  are  most  active  in  an  immunogenic  respect. 
Vaccine  SR  cultures,  which  possess  residual  virulence,  are  stimuli 
of  moderate  strength.  In  the  antigenic  composition  of  these  cultures  a  • 
reduction  is  noted  in  the  quantity  of  sheath  (Vi)  substances,  but  qualita- 
I  tively  it  is  the  same,  and  this  assures  immunogenicity  of  the  vaccine 
cultures.  As  we  shall  see  belowP  these  cultures  of  different  degrees 
|  of  virulence  exert  different  effects,  as  seen  by  the  results,  on  the  bod* 
ies  of  animals  with  different  sensitivities  to  tularemia  infection.  Fin¬ 
ally,  avirulent  R  strains,  which  are  the  carriers  of  the  O  antigen  only, 
do  not  have  an  immunogenic  effect  againBt  S  cultures,  which  1b  per¬ 
fectly  natural  because  of  the  great  differences  in  their  antigenic  struc¬ 
tures  (for  more  details  see  Chapter  HI). 

Immunological  experiments  on  laboratory  animals,  parti¬ 
cularly  white  mice  and  guinea  pigs,  are  usually  accompanied  by  a 
check  of  the  strength  of  immunity  in  them  by  infection  with  many  lctha . 
doses  of  a  fully  virulent  culture.  In  view  of  the  special  sensitivity  of 
these  animals  to  tularemia  such  a  check  makes  it  possible  to  obtain 
particularly  convincing  results.  The  immunological  reactions  are 
used  only  as  indirect  indices  of  immunity. 

The  requirements  for  the  virulence  of  a  strain  by  means 
of  which  the  immunity  is  being  checked  in  experimental  animals  should 
be  just  as  strict  as  in  the  investigations  of  experimental  pathology  or 
,  epizootology  of  tularemia;  otherwise,  the  results  may  be  very  much 
distorted  and  may  not  correspond  to  the  natural  conditions  of  infection, 

In  a  specially  performed  experiment  O.  S.  Yemel'yanova 
found  out  that  in  checking  the  immunity  of  white  mice  immunized  with 
relatively  weak  vaccine  cultures  a  doBe  of  1,000  MLD  of  a  fully  viru¬ 
lent  strain  (MLD  =  0.1  microbe)  is  not  equivalent  to  1,000  MLD  of  a 
I  partially  attenuated  strain  (MLD  »  10  microbes).  In  the  former  case,! 
that  is,  after  infection  with  100  microbes,  only  14  percent  of  the  mice* 
survived;  in  the  latter  case,  £1  percent  survived  after  infection  with 
10,000  microbes.  Similar  results  were  obtained  by  I.  N.  Mayskiy 
I  (1953),  also  in  experiments  on  mice. 

|  In  the  light  of  these  data  we  should  have  a  critical  attitude 

I  toward  the  investigations  of  those  authors  (Kudo,  1934;  G.  Ya.  Sinay; 
i  1935,  and  others),  who  used  quite  virulent  ctrains  oi  tularemia  tacterija 
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for  the  purpose  of  checking  Immunity  In  experimental  animals.  Tn  ’ j 
experiments  of  the  workers  in  our  laboratory  O.  S.  Yemelyanova,  T. 

N.  Dunayeva,  T.  A.  K&Utina,  R.  A.  Savel'yeva,  G.  P.  Uglovoy,  K.N^ 
Shlygina  and  L.  S.  Matveyets,  whose  data  have  been  used  for  writing 
this  Chapter,  only  completely  virulent  strains  were  used  for  the  con¬ 
trol  infection  of  animals,  in  the  majority  of  cases  strains  503  or  9,  th| 
MIXD  of  which  amounted  to  a  total  of  one  microbe  according  to  the 
[bacterial  GKI  standard  for  guinea  pigs  after  subcutaneous  injection. 

The  characteristics  of  these  strains  are  given  in  Chapter  HI. 

In  immunological  experiments  special  attention  should  als<^ 

I  be  directed  to  the  quality  of  experimental  animals,  the  conditions  unde 
I  which  they  are  kept  and  fed,  which  was  specially  advised  by  N.  A.  Gayf- 
skiy  (1948).  He  pointed  out,  for  example,  that  the  best  time  for  exper 
1  ments  in  the  immunization  of  guinea  pigs  is  the  beginning  of  the  autumfc 
and  the  end  of  the  summer  because  of  the  existence  of  fresh  vegetable^ 

!  then. 

Active  Immunity 

immunity  from  Having  Had  Tularemia 


Immunity  in  Animals  which  Have  Had  the  Disease.  The  e^ 
pertinents  presented  on  white  rats  and  domestic  rabbits  in  Chapter  IV 
uhow  that  in  animals  infected  with  sublethal  doses  of  a  virulent  strain 
an  immunity  is  created  during  the  course  ol  the  disease  under  the  in¬ 
fluence  of  which  the  infectious  process  weakens  and  clinical  recovery 
of  the  animal  occurs. 

In  animals  which  have  recovered  from  the  sicknecs,  begin 
ning  with  the  second  or  third  week,  the  Immunity  reactions  reach  their 
maximum  degree  of  expression,  while  between  the  fourth  and  six  weeks 
the  majority  of  animals  eliminates  tularemia  bacteria  completely,  am 
immunity  then  is  preserved  for  v.  long  time  as  a  sterile  or  po*t-infoc~ 
tious  type.  (This  conclusion  L  based  on  the  negative  results  of  bactei  - 
iologicd  and  biological  (with  the  use  of  white  mice  for  peerages]  stud* 
ies  of  tissues  and  organs  of  experimental  animals).  The  presence  an4 
stability  cf  the  immunity  are  proved  by  the  fact  that  the  animals  do  not 
die  after  being  injected  with  one  or  several  (and  sometimes  even  many) 
I  full  lethal  doses  of  the  virulent  strain.  j 

;  B.  Ya.  El'bert  and  N.  A.  Gayskiy  (1941)  note  that  after  the 

I  administration  of  a  massive  dose  of  virulent  tularemia  bacteria  (a  pirns 
!  of  spleen  of  a  white  mouse  which  died  of  tularemia)  Intraconjunctivally 
j  into  rabbits  the  local  and  general  reactions  were  moderate  and  brief 
!  (two-three  days),  were  not  accompanied  by  a  rise  in  the  agglutination 
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titer  of  the  serum  and  were  considered  allergic  by  the  authors.  In  the 
control  (infected  for  the  first  time)  animals  vigorous  inflammatory 
phenomena  were  observed  for  the  first  time  in  the  infected  eye,  a  pro¬ 
longed  febrile  reaction  and  the  formation  of  antibodies.  The  authors 
note  that  in  rabbits  which  have  had  the  disease  the  condition  of  increas'd 
resistance  to  reinfection  was  followed  for  three-six  months  (the  obser< 
vatZ-'n  period), 

In  guinea  pigs  and  white  mice,  because  of  their  great  sens:  - 
ti/ity  to  tularemia,  it  is  possible  to  study  immunity  after  infection  with 
a  fully  virulent  strain  only  if  in  certain  stages  of  the  disease  they  are 
given  treatment  with  streptomycin  or  other  antibiotics  which  eliminate 
the  infectious  process. 

In  guinea  pigs,  the  treatment  of  which  was  begun  at  the 
height  of  development  of  the  disease,  a  very  strong  and  prolonged  im¬ 
munity  to  reinfection  is  observed  after  recovery.  The  great  majority 
of  cured  guinea  pigs  is  sterile  with  respect  to  the  tularemia  microbe, 
which  is  evidenced  by  negative  results  of  studies  of  their  organs  with 
the  v  e  of  the  biological  test.  In  them,  the  immunity,  therefore,  is 
post -infectious.  Similar  results  have  been  obtained  in  experiments  on 
white  rats  infected  with  a  massive  dose  of  a  virulent  tularemia  culture 
with  subsequent  treatment  with  streptomycin  (N.  G.  Olsuf'yev  and  co¬ 
authors,  1957).  With  the  early  treatment  of  guinea  pigs  the  formation 
of  immunity  in  them  can  be  suppressed  and  to  a  greater  degree  the 
earlier  treatment  is  begun  and  the  more  vigorously  it  is  conducted 
(Ye.  M.  Tsvetkova,  1951,  1953).  In  experiments  clarifying  che  pre¬ 
ventive  effect  of  streptomycin  in  tularemia  it  was  established  that  by 
means  of  the  selection  of  appropriate  doses  of  a  virulent  culture  as 
well  as  the  dose  »  of  the  antibiotic  and  the  duration  of  its  application  an 
ixnmunisatory  process  can  be  produced  in  the  guinea  pig  organisms 
J  without  any  particular  manifestations  of  disease,  whereby  the  strength 
iof  the  immunity  which  develops  is  adequate  to  the  dose  of  culture  ad- 
! ministered.  In  guinea  pigs  immunised  by  this  method  active  immunol 
ogical  reactions  and  a  resistance  to  infection  with  100  MLCD  of  a  viru¬ 
lent  culture  were  found  (Ye.  M.  Tsvetkova,  R.  A.  Savel'yeva  and  G.  f|. 
j  Uglovoy). 

i  The  experiments  presented  on  guinea  pigs  and  white  mice 

|  repudiate  the  opinion  of  N.  A.  Gayskiy  (1946,  1948)  of  the  absence  of 
|  immunizatory  property  with  respect  to  these  species  of  animals  in  ! 

•  the  highly  virulent  stiains  of  tularemia  bacteria.  This  opinion  was  j 
|  based  on  the  fact  that  after  the  administration  of  minimum  (eublethal)  I 
I  doses  of  a  fully  virulent  strain  to  white  mice  and  guinea  pigs  immunity 
j  could  not  be  found  then  in  the  surviving  animals  to  a  subsequent  infec-j 
[tion  with  several  doses  of  the  same  strain  known  to  be  lethal.  On  the  j 
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basis  of  these  data  N.  A.  Gayskiy  believed  that  iramunogenicity  of  the 
tu^remia  pathogen  is  not  connected  with  virulence  and  that  "only  with 
across  of  virulence  does  the  tularemia  microbe  show  immunogenic 
properties  characteristic  of  it"  (N.  A.  Gayskiy,  1948).  However,  the| 
experiments  of  N.  A.  Gayskiy  have  an  entirely  different  explanation. 
They  only  prove  the  tremendous  infectious  sensitivity  of  guinea  pigs 
and  white  mice  to  tularemia,  as  the  result  of  which  the  minimum  infeej- 
five  dose  (MID)  and  the  minimum  lethal  dose  (MLD)  of  the  virulent 
strain  for  them  are  practically  the  same  (see  Chapter  IV).  In  guinea 
..pigs  and  white  mice  and,  with  the  use  of  a  larger  infective  dose,  in 
white  rats  the  acutely  developing  infectious  process  completely  sup* 
presses  the  ability  of  the  body  to  elaborate  immunity.  However,  as 
soon  as  the  infectious  process  is  temporarily  stopped,  for  example, 
by  the  administration  of  streptomycin,  the  immunity  develops,  and  the] 
course  of  the  disease  is  changed.  It  has  been  shown  very  distinctly 
that  in  the  animals  which  recover  the  immunity  created,  given  adequa( 
strength  of  it,  leads  to  a  purification  of  the  organism  /with  respect  to 
tularemiaj.  Cases  of  chronic  bacterial  carriage  indicate  the  fact  that 
the  defense  mechanisms  are  inadequate  for  ridding  the  tularemia  bac¬ 
teria  from  the  body  for  some  reasons  or  others.  However,  these  caq- 
es  are  not  characteristic  and  do  not  constitute  proof  of  the  lack  of 
sterility  of  the  immunity  in  tularemia. 

§  Immunity  in  People  who  Have  Had  the  Disease.  Numeroud 

ervations  on  people  who  have  recovered  from  tularemia,  chiefly  on 
those  working  in  tularemia  laboratories,  have  shown  that  after  having] 
the  disease  an  immunity  of  high  strength  is  found  in  the  body  which  Is 
perfectly  adequate  to  prevent  reinfection  under  ordinary  conditions  of  j 
contact  with  infectious  material.  An  abundance  of  data  attests  to  the 
fact  that  in  persons  who  have  recovered  the  high-strength  immunity 
acquired  is  preserved  for  mrny  years,  and  in  a  number  of  cases,  ap- 
parently,  for  life. 

N,  A.  Gayskiy  (1943),  after  recovering  from  tularemia, 
was  twice  subjected  to  an  accidental  infection  with  a  virulent  tularemik 
culture  in  the  laboratory:  the  first  time  after  three  months  and  the 
pecond  time,  after  three  years.  In  the  first  case  the  pathogen  enterer 
his  eye;  in  the  second,  the  Infection  occurred  as  the  result  of  inhala¬ 
tion  of  tularemia  bacteria  during  an  experiment  with  spraying  a  culture. 
^The  author  considered  pathological  phenomena  which  occurred  in  bothj 
•  cases  an  allergic  reaction.  L.  M.  Khatenever  (1943)  describes  very 
i  convincing  cases  in  which  a  stable  immunity  appeared  in  persons  whoj 


had  had  tularemia  and  who  then  were  in  contact  with  the  infection  in 
natural  foci  during  work  in  the  water  rat  industry.  Francic  (1929) 
notes  that  of  200  persons  who  suffered  from  tularemia  none  became 
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sick  a  second  time.  Six  workers  is  our  laboratory  (including  th*  auth¬ 
or  of  these  lines)  have,  after  recovering  from  tularemia,  been  workin  ; 
steadily  with  the  tularemia  pathogen  for  many  years  (some  persons  as 
long  as  25  y  jars),  and  immunity  in  them  continues  to  be  preserved  v^n 
a  level  adequate  for  preventing  the  disease  under  ordinary  conditions 
of  contact  with  the  infection.  V.  D. ,  who  had  had  tularemia  10  years 
ago  and  then  had  no  contact  with  the  pathogen  of  this  infectious  disease 
was  accepted  for  work  in  the  laboratory.  After  checking  his  allergic 
skin  reactivity,  which  was  found  to  be  well  expressed,  he  was  permit¬ 
ted  to  work  with  infectious  material  without  restriction,  and  no  harm-  . 
fill  consequences  to  his  health  have  been  noted  for  more  than  eight 
years  of  his  work  in  the  laboratory  following  this.  The  data  presented 
become  particularly  convincing  if  we  keep  in  m?nd  the  l\  'X  that  under 
the  same  working  conditions  non -immune  persons  have  inevitably  be¬ 
come  infected  and  sick  with  tularemia  (see  Chapter  1). 

For  the  long  period  of  existence  of  the  laboratory  we  have 
had  isolated  cases  of  accidents  in  working  with  a  virulent  culture, 
where  the  pathogen  entered  the  eyes  of  various  workers  (who  previous  • 
ly  suffered  from  tularemia).  The  irdammatory  response  which  oc¬ 
curred,  local  or  general,  usually  did  not  exceed  the  reaction  describe  1 
by  N.  A.  Gay  kiy,  with  the  exception  of  one  case  where  it  was  necess< 
ary  to  resort  to  streptomycin  administration.  In  this  case,  the  patien  :, 
aside  from  redness  and  edema  of  the  conjunctivae  (the  specificity  of 
these  inflammatory  changes  was  proved  by  the  isolation  (through  a  bi¬ 
ological  test)  of  &  culture  of  the  tularemia  pathogen  from  the  conjunc- 
|  tival  exudate),  noted  enlargement  and  pain  in  the  anterior  auricular 
j  lymph  nodes,  malaise,  elevation  of  body  temperature,  etc.  after  sev- 
I  eral  days.  After  several  injections  of  streptomycin  these  phenomena 
j  rapidly  disappeared. 

\  In  performing  experiments  on  aspiration  infection  of  labors- 

1  atory  animals  under  conditions  in  which  entrance  of  the  bacteria  into 
the  respiratory  tract  of  the  experimenter  was  not  completely  preventei, 
despite  the  use  of  a  cotton -gauze  mask,  we  were  able  to  note  various 
consequences  depending  on  the  dose  with  which  the  expe  rim  enter  wodmd^ 

•  In  thoue  persons  who  had  recovered  (or  who  had  ’  „en  vac-1 
|  cinatcd),  in  working  with  small  doses  either  there  were  no  consequen-j 

j  ces  or  signs  of  allergy  lasting  one -two  days  were  noted  which  were  mxy- 
j  pressed  in  an  elevation  of  temperature,  headache,  weakness,  and  a  ! 

•  poor  feeling  of  well-being.  However,  after  performing  the  experiment 
!  with  a  large  dose  both  laboratory  workers  participating  in  the  work  ( 


.  (one  had  had  tularemia  in  the  pasts  the  other  had  been  vaccinated)  be*4 
!  came  sick  with  tularemia,  despite  the  fact  that  they  had  worked  In  ! 
!  cotton -gause  maeke.  J 
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In  both  cases  the  disease  cegan  several  hours  after  the  cot 
elusion  of  the  experiment,  was  accompanied  by  high  temperature  (Fig 
67),  severe  headache,  weakness,  and  profuse  perspiration.  In  the  va< 
cinated  person  the  disease  had  a  more  severe  oourstthan  in  the  one  who 
had  had  tularemia  previously.  Because  the  disease  continued  in  sub* 
sequent  days  and  because  retrosternal  pains  and  a  cough  were  super* 
imposed  on  the  puenomena  described  streptomycin  therapy  had  to  be 
used, which  eliminated  the  fever.  On  the  seventh-  10th  day  of  the  dis- 
ease  an  opacification  of  the  lung  roots  and  an  accentuation  of  the  pul* 
n.onary  markings  were  found  on  fluoroscopv  of  the  chest  in  bote,  cases 
The  speciPcity  of  the  disease  was  proved  by  th't  marked  increase  in 
agglutinins  to  the  tularemia  pathogen  in  the  fourth  v'eek  of  the  disease 
(in  both  cases  the  agglutination  titer  of  the  serum  increased  from  1:40 
to  1:640).  Convalescence  was  slow,  and  the  normal  feeling  of  well¬ 
being  was  regained  only  after  se/eral  months. 

Subsequently,  in  the  laboratory  during  the  performance  of 
experiments  with  the  spraying  of  large  do  ^es  of  bacteria  a  gas  mask 
was  used  instead  of  a  cotton-gauze  mask  and  this  protected  against  thej 
infection. 

What  has  been  stated  shows  that  in  those  people  who  recov 
ered  from  tularemia  the  immunity  developed,  being  preserved  many 
years,  protected  very  reliably  against  the  development  of  the  disease 
in  contact  with  the  pathogen  under  ordinary  epidemic  or  laboratory  con¬ 
ditions.  However,  this  immunity  is  not  absolute  and  can  be  over*.  $ 
to  varying  degrees  with  the  entrance  of  large  doses  of  the  pathogen  intp 
the  organism,  particularly  through  the  respiratory  tract  which  is  morte 
vulnerable  to  the  infectious  disease.  Laboratory  experiments  on  guinf 
ea  pigs,  which  will  be  described  below,  confirm  this  conclusion  In 
the  Soviet  literature  recurrences  of  tularemia,  sometimes  several 
years  after  the  initial  disease,  have  been  described  repeatedly.  In 
these  cases,  evidently,  chronic  bacterial  carriage  occurs  as  the  result 
of  the  Individual  inadequacy  of  the  defense  forces  A  the  body.  Howev<  r, 
in  man,  just  as  in  animals  which  possess  tularemia  sensitivity  stmila  • 
to  man  (white  rats,  rabbits,  etc.),  these  cases  are  only  an  exception 
rather  than  the  rule. 


Immunity  from  the  Injection  of  Living  Tularemia  Vaccine 


The  Main  Properties  of  the  Vaccine  Culture.  Ws  consider 
|  it  necessary  to  precede  the  discussion  of  this  problem  with  a  brief  rel 
.  view  of  work  which  has  led  to  obtaining  a  living  tularemia  vaccine.  At* 

:  tempts  to  use  living  attenuated  cultures  for  immunization  against  tular¬ 
aemia  were  first  made  by  Francis  (1929)  in  a  laboratory  experiment  arid 
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Fig  $7,  Temperature  Curve  in  a  Vaccinated  Person  Exposed  to  Acci¬ 
dental  Infection  with  Tularemia  by  Aspiration.  1.  January;  2.  Febru¬ 
ary;  3.  Day  of  disease;  4.  Streptomycin;  5.  Agglutination  reaction, 
1:40;  6.  Agglutination  reaction  1:320;  7.  Agglutination  reaction, 
1:640. 
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then  by  Kudo  (193-4)  and  Cotschlich  and  coauthors  {1940).  but  the  resulls 
of  the  studies  of  these  authors  were  inadequate  for  practical  solution  o ' 
this  problem. 

Priority  in  the  successful  development  of  a  living  tula r cm i  i 
vaccine  belongs  entirely  to  the  Soviet  scientists  B.  Ya.  El’bert  and  N. 

A.  Gayskiy.  The  authors  made  a  detailed  study  of  the  main  rules  and 
regulations  of  tularemia  infection  and  the  mechanisms  of  immunity  in 
it.  After  bein^  convinced  oi  the  practical  ineffectiveness  of  killed  vac¬ 
cines  in  numerous  experiments  and  considering  immunity  non-sterile, 
being  realized  in  accordance  with  the  premunition  principle  of  Sergeant 
Donatienne,  they  concentrated  their  efforts  on  developing  a  living  vac¬ 
cine.  In  the  combined  work  of  B .  Ya.  El'bert  and  M.  A.  Gayskiy  pub¬ 
lished  in  1941  report  is  made  of  a  weakly  virulent  strain  with  typical 
properties  of  an  O  (H)  culture, the  subcutaneous  injection  of  which  into 
guinea  pigs  and  white  mice  was  practically  harmless  for  the  animals 
|  and  was  accompanied  by  the  elaboration  of  an  immunity  in  them  of  a 
high  degree  of  strength  to  subsequent  infection  with  several  thousand 
MLD  of  a  virulent  culture.  The  weakening  of  the  virulence  of  the  strain 
in  the  museum  occurred  spontaneously  (quoted  from  A.  L.  Matskevichj, 
1952).  The  weakly  virulent  and  highly  immunogenic  strain  studied  by 
the  authors  (which  they  called  ’'Moskva")  was  tested  on  10  volunteers 
and  was  found  to  be  generally  harmless  when  given  to  them  subcutane¬ 
ously  in  a  dose  of  50,000,000  microbes.  In  those  inoculated  the  aller  ¬ 
gic  reaction  was  distinctly  positive  after  two-three  weeks;  the  agglutin¬ 
ation  test  was  positive  in  serum  dilutions  of  1:20-1:160  (quoted  from  A. 
L,  Matskevich,  1952),  This  strain  was  afterwards  lost. 

N.  A.  Gayskiy  continued  these  studies  and,  using  methods 
of  directed  variation,  obtained  two  attenuated  strains  in  1941  --  straid 
15  ("bouillou",  17th  generation)  and  Muskrat  IV  ("dry",  sixth  genera-l 
tion).  (In  I.  N.  Mayskiy's  work  (1953,  page  91)  it  has  been  pointed  oujt 
I  erroneously  that  the  vaccine  strain  Muskrat  IV  was  obtained  from  a 
1  virulent  strain  by  the  same  attenuation  method  as  the  15  strain  and 
|  that  the  original  virulent  strain  was  isolated  in  1943).  The  Muskrat 
I  /the  Russian  name  is  "Ondatra'7  IV  strain  was  attenuated  to  a  greate^ 
degree  than  strain  15.  For  example,  after  subcutaneous  inoculation 
j  of  the  former  strain  white  mice  survived  doses  of  500, COO  and  5,000, 000  mij- 
!  crobes,  and  even  a  dose  of  50,000,000  was  not  the  MLCD,  whereas 
I  15-20  percent  of  the  mice  survived  the  15  strain  only  after  the  injec- 
;  tion  of  a  dose  of  five  microbes;  from  larger  doses  all  the  mice  died 
[  (N.  A.  Gayskiy,  1943).  Guinea  pigs  tolerated  inoculation  with  Musket 
|  IV  strain  in  a  dose  of  up  to  500,000,000  microbes;  of  strain  15,  in  a 
j  do3e  of  2,500,000  microbes  (higher  doses  were  apparently  not  tested)! 

1  The  author  called  the  first  culture  a  "strain  with  residual  virulence";  J 
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the  second*  a  "weald/  virulent  -train".  Pathological  studies  of  guinea 
pigs  vaccinated  with  Gayskiy:s  15  strain  made  by  V.  V,  Donskov  clar¬ 
ified  the  benign  nature  of  the  inflammatory  changes  found  in  the  region¬ 
al  lymph  nodes  and  partially  in  the  internal  organs  of  the  animals. 

This  problem  will  be  presented  in  greater  detail  below. 

With  the  aim  of  clarifying  the  degree  of  stability  of  the 
!  properties  of  the  strains  obtained  Gayskiy  passaged  the  Muekrat  IV 
strain  five  times  through  white  mice.  The  passaged  culture  continued 
to  be  avirulent  for  guinea  pigs*  but  for  white  mice  its  virulence  was 
increased  --  from  a  dose  of  5,000  microbes  or  more  the  mice  died. 

Strains  15  and  Muskrat  IV  were  tested  by  the  author  on  50 
volunteers  under  the  general  clinical  observation  of  v.  V.  Kosmachev* 
skiy.  Considering  the  greater  residual  virulence  of  strain  15  it  was 
given  subcutaneously  in  a  dose  of  only  5,000  microbes,  whereas  strain 
Muskrat  IV  was  given  in  doses  of  50,000  and  500,000.  Without  going 
into  the  details  of  this  test,  which  in  general  proceeded  quite  satisfac¬ 
torily  and  has  been  described  in  detail  ty  V.  V.  Kosmachevskiy  (1944) 
(see  Chapter  X),  we  should  like  to  point  out  only  that  it,  after  showing 
the  practical  harmlessness  of  vaccine  cultures  obtained  by  N.  A.  Gay- 
skiy  and  their  immunological  effectiveness,  emphasized  the  need  for 
further  improvement  of  these  evdtures  and  supplementary  work-out  of 
vaccine  doses  which  would  be  optimum  for  injections  in  people. 

Thip  problem  was  solved  successfully  by  N.  A.  Gayskiy  in 
his  subsequent  studies.  Using  the  attenuation  method  which  had  been 
•  developed,  Gayskiy  by  1944  had  obtained  several  attenuated  cultures 
with  similar  degrees  of  residual  virulence  for  mice  and,  by  the  same  i 
token,  showed  that  they  had  not  been  obtained  by  chance  but  rather  ac- 
!  cording  to  rule.  However,  of  all  the  vaccine  cultures  which  Gayskiy 
|  obtained  only  strain  15  was  relatively  stable  when  subsequently  kept  in 
'a  museum,  whereas  all  the  other  cultures,  including  the  Muskrat  IV 
|  strain,  lost  their  valuable  properties  in  the  next  few  years, 

’  I.  N.  Mayskiy  (1949)  and  then  O,  S.  Ycmel'yanova  (1949), 

using  N.  A.  Gayskiy's  methods  as  well  as  some  others,  were  able  to 
attenuate  a  number  of  virulent  tularemia  strains  and  obtain  vaccine  O 
(Vi)  cultures  from  them,  Mayskiy  noted  that  cultures  with  a  very 
I  slight  residual  virulence  for  mice  can  be  immunogenic,  although  they  j 
*are  unsuitable  for  vaccination  of  people.  j 

|  Any  virulent  strain,  submitted  to  attenuation  but  with  differ  * 

;ent  degrees  of  intensity  depending  on  the  method  used;  seven- 10  months 
jwere  adequate  for  attenuating  even  the  most  "resistant"  strain.  It  wan 
,made  clear  through  the  further  studies  of  O.  S.  Yemel'yanova  taat  the 
'greatest  difficulties  do  not  lie  in  the  attenuation  but  rather  in  the  stabi  ¬ 
lization  of  the  properties  of  the  vaccine  culture  obtained,  which  is  in 
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agreement  with  statements  made  by  Gayekly,  These  problems  are  an 4 
alyzed  in  greater  detail  in  Chapter  IQ.  } 

American  investigators  Downs  and  Woodward  (1949),  Eigsls- 
bach  and  others  (1951)  reported  on  the  possibility  of  effective  irnmuni-j 
zation  of  white  mice  with  living  cultures  (Jap*  LR  and  other  strains) 
attenuated  as  the  result  of  prolonged  keeping  on  synthetic  nutrient 
media.  The  residual  virulence  of  the  Jap  strain  (with  which  the  ma¬ 
jority  of  experimental  studies  published  were  made)  apparently  is 
greater  than  that  of  the  vaccine  strains  used  in  the  USSR. 

The  investigations  of  3.  Ya.  El'bert  and  co-workers  clari 
fled  the  possibility  of  using  the  vaccine  percutaneously,  which  very 
much  simplified  its  incorporation  into  practice  and  improved  the  quali 
ty  of  vaccination.  We  shall  discuss  this  matter  in  greater  detail  someU 
what  later.  Here*  we  should  like  to  note  only  that  the  ability  of  the  vac¬ 
cine  culture  to  penetrate  into  the  body  through  the  scarified  skin  and 
assure  the  production  of  immunity  of  adequate  strength  is  undoubtedly 
associated  with  the  invasive  capacity  and  residual  virulence  of  the  cul 
ture.  The  development  of  effective  methods  of  drying  the  vaccine  by 
M.  M.  Faybich  and  co-workers  assured  the  possibility  of  making  a 
high  quality  preparation  which  could  tolerate  prolonged  standing. 

We  should  like  to  dwell  on  the  main  properties  of  tulare/nty 
vaccine  strains  in  the  form  in  which  this  is  represented  at  the  current 
level  of  our  knowledge.  The  main  characteristics  of  the  vaccine  straiks 
were  given  in  the  works  of  N.  A,  Gayekiy.  He  believed  that  vaccine 
j  strains  should  possess  residual  virulence  for  white  mice,  that  is,  the]’ 
should  in  doses  ol  no  more  than  1*000*000  microbes  prouuce  death  of 
30  percent  of  the  white  mice  used  in  the  experiment  after  subcutaneoui i 
injection  but  should  be  harmless  in  doses  of  1*000,000,000  microbes 
for  guinea  pigs;  the  strains  should  be  good  allergens  and  should  be  ag 
,  glutinated  by  specific  serum.  Such  strains  (with  the  use  of  definite 
I  doses  injected)  protect  90-100  percent  of  the  animals  from  death  whenj 
|  infected  with  1,000  lethal  doses  of  a  virulent  culture.  For  the  human 
body  the  vaccine  strains  should  be  tolerated  in  tioaes  of  50,000  000 
microbes  after  subcutaneous  injection;  these  doses  should  be  adequate 
for  the  production  of  immunity  which  can  be  demonstrated  by  the  skin  I 
allergic  test.  To  what  has  been  stated  it  may  be  added  that  the  immun- 
ogenicity  of  the  vaccine  strains  is  to  a  certain  degree  correlated  with 
their  residual  virulence;  this,  evidently,  is  brought  about  by  the  fac*  1 
that  both  properties  are  associated  with  the  presence  of  the  Yi  anti*, 
ic  complex  in  the  cells.  The  attenuation  of  the  residual  virulence  of  al 
vaccine  strain  constitutes  the  first  signal  of  reduction  in  its  Immuno- 
I  genicity.  Strains  with  residual  virulence  of  less  than  30  percent  for 
[mice  are  inadequate  in  an  immunogenic  respect. 
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J  According  to  existing  instructions  for  the  preparation  and 

■Masting  of  tularemia  vaccine,  complete  vaccine  strains  possess  the  folf 
lowing  properties  (O.  S.  Yemel'yanova,  1957).  They  are  small  gram 
negative  cocci,  somewhat  larger  than  the  bacteria  of  virulent  strains 
|  which  possess  mucus,  are  pale-staining  by  all  the  usual  stains.  The 
vaccine  culture  agglutinates  well  with  specific  serum  with  the  forma- 
|  tion  of  a  stable  agglutinate  which  breaks  down  into  large  clumps  on 
shaking  (Vi  agglutination).  The  number  of  non -immunogenic  cells  in 
the  population  should  not  exceed  20  percent;  the  residual  virulence  foJ 
|  white  mice  should  be  no  less  than  30  percent  and  no  more  than  50  per¬ 
cent  (a  residual  virulence  of  50  percent  cam  be  attained  only  in  occasion¬ 
al  experiments,  which  is  associated  with  variations  in  the  sensitivity 
of  white  mice  by  seasons,  feeding  conditions,  etc.),  which  means  an 
average  mortality  rate  of  the  mice  after  the  subcutaneous  injection  of 
doses  from  100  to  1,000,000  microbes  according  to  the  GKI  bacterial 
standard.  No  less  than  90  percent  of  the  surviving  mice  are  resistant 
to  subcutaneous  infection  with  1, 000  lethal  doses  of  a  highly  virulent 
strain.  The  vaccine  strains  in  a  dose  of  1,000,000,000  cells  are  harnji- 
less  to  guinea  pigs  weighing  no  less  than  400  grams  after  subcutaneous 
injection.  The  strains  produce  a  local  inoculation  reaction  expressed 
in  hyperemia  and  infiltration  of  the  tissue  no  less  than  0.  5  centimeter 

•  in  diameter  after  percutaneous  (by  means  of  scarification)  administraj 
tion  of  a  suspension  containing  1,000,000  microbes  according  to  the 
GKI  standard  per  cc  to  guinea  pigs. 

In  the  standard  method  of  percutaneous  application  two 
drops  of  the  vaccine  suspension  are  applied  to  the  skin  of  the  guinea 
pig  at  a  distance  of  two-three  centimeters  from  each  other,  and  then 
two  parallel  scratches  ?,re  made  through  each  drop  with  a  vaccination 
quill  (until  blood  appears);  these  scratches  are  each  one  centimeter 
:long.  Then,  the  suspension  is  carefully  rubbed  in  for  a  minute.  The 
!  skin  inoculation  reaction  appears  no  later  than  two-three  days  after  th^s 
I  inoculation. 

In  the  case  of  testing  on  people  a  suspension  of  dried  vac¬ 
cine  culture  containing  (after  dilution)  1,000,000,000  microbes  per  cc 
(according  to  the  GKI  standard)  should  be  successful  after  percutane¬ 
ous  application  in  no  less  than  24  out  of  25  persons  inoculated.  The 
vaccine  process  should  have  a  benign  course,  being  accompanied  by 
I  a  moderate  local  skin  reaction  with  the  absence,  as  a  rule,  of  a  gen* 
eral  reaction.  After  30  days,  the  inoculees  should  have  a  positive  al- 
1  lergic  test  with  tularin  and  an  agglutination  reaction  with  a  scrum  diluj- 
;  tion  of  1:20  or  higher.  At  the  present  time,  a  vaccine  culture  which 
|  is  dried  in  ampules  under  vacuum  conditions  is  used  for  the  vaccination 
of  jjcople Such  a  vaccine  preserve s_ its  properties  completely  for  a  J 
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year  when  standing  at  a  temperature  of  1 4  to  +10°.  Maas  growth  of  tb  > 
culture  for  vaccine  production  is  accomplished  either  on  solid  nutrient 
media  or  on  liquid  media;  in  the  latter  case*  this  is  done  with  the  use 
of  the  subsurface  method  (aeration)*  which  is  most  productive  (L.  S. 
Kolya ditskaya).  An  important  factor  in  vaccine  production  is  the  elim  • 
ination  or  reduction  to  a  minimum  of  phenomena  of  dissociation  in  the 
multiplying  bacterial  population  (see  Chapter  IQ).  Streaking  petri  dish* 
es  with  Yemel'yanova' s  medium*  which  makes  it  possible  to  determine 
the  number  of  living  bacteria  in  the  preparation  and  the  number  of  them 
which  are  immunogenic*  serves  as  a  simple  and  fully  accurate  method  . 
of  checking  on  the  quality  of  the  vaccine  prepared.  The  vaccine  being 
produced  should  contain  no  less  than  1*000*000*000  living  bacteria  per 
cc  (after  dilution  in  a  solvent);  in  this  number*  no  less  than  50  percent 
should  be  immunogenic  O  (Vi)  cells. 

In  our  subsequent  presentation  we  shall  deal  with  the  data 
of  study  of  the  Gay  ski  y  15  vaccine  strain  or  other  vaccine  cultures 
which  are  similar  to  it  in  their  main  properties.  In  our  laboratory  a 
number  of  investigations  was  made  also  with  a  culture  isolated  from 
the  dry  NUEG  /Scientific  Research  Institute  of  Epidemiology  and  Hy~ 
giene7  vaccine  prepared  from  two  strains:  Gayskiy  15  and  Faybich 
and  Tamarina  10.  Judging  by  the  studies  of  I.  N.  Mayskiy  (1953)*stra  n 
10  is  somewhat  inferior  to  strain  15  with  regard  to  residual  virulence 
in  experiments  on  mice*  but  with  respect  to  immunogenlcity  they  are 
similar.  The  Gayskiy  15  strain  was  used  for  many  years  in  the  USSR 
as  the  main  one  in  vaccine  production*  and  only  in  recent  years*  be¬ 
cause  of  a  partial  attenuation  of  it*  has  it  been  replaced  by  a  reconstit¬ 
uted  15  variant  and  by  a  new  strain*  155  (O.  S.  Yemel'yanova*  1957).  j 

Subcutaneous*  Percutaneous  and  Intradermal  Vaccination. 
Immunity  from  Subcutaneous  Injection.  As  is  well  known*  the  percutaiv 
j  eous  method  of  vaccination  of  people  against  tularemia  is  used  in  prac- 
j  tice, but  we  consider  it  necessary  to  begin  with  a  presentation  of  studi<  s 
made  with  the  use  of  subcutaneous  injection  of  the  vaccine  culture.  B  r 
means  of  this  method*  which  made  it  possible  to  dosage  the  vaccine 
accurately*  the  main  studies  were  made  on  animals  and  the  dose  tests 
•  were  made  on  people  (N.  A.  Gayskiy,  1943,  1944,  1948;  M.  M.  Fay- 
!  bich  and  T.  S.  Tamarina*  and  others). 

I  The  invasive  and  Immunogenic  capacities  of  the  vaccine 

I  culture,  shown  in  its  immunizatory  effect  after  a  minimum  injected 
dose*  finds  its  reflection  in  the  species  characteristic  of  the  macro- 
t  organism,  which  determine  the  degree  of  its  susceptibility  and  immun- 
j  izability  to  this  culture.  According  to  the  data  of  O.  S.  Yemel'yanova, 

I  white  rats  are  most  easily  immunized  by  the  vaccine  (Table  25).  For 
'  examples*  doses  of  one  and  10  microbes  of  the  restored  15  vaccine 
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strain  immunised  all  animals  used  in  the  experiment,  preventing  their 
deaths  from  subsequent  infection  with  a  certain  lethal  dose  of  1,000, 000, CC 
microbes  of  a  virulent  strain.  The  high  degree  of  immunizability  of 
white  rats  to  tularemia  antigen  is  also  confirmed  in  experiments  with 
killed  or  chemical  vaccines.  According  to  the  data  of  the  same  author 
white  mice  have  to  be  injected  subcutaneously  with  one  microbe  of  a 
vaccine  culture  and  guinea  pigs  with  1,000  microbes  in  order  to  pro¬ 
duce  immunity  assuring  no  less  than  90  percent  survival  of  the  animal 
with  subsequent  infection  with  1,000  lethal  doses  oi  the  virulent  cultur* 


Table  25 

Immunogenicity  of  the  Reconstituted  IS  Strain  as  a  Function  of  the  Dos 
Used  for  Subcutaneous  Inoculation  and  the  Species  of  Animal  (after 

O.  S.  Yeroel'yanova) 
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Note.  Immunity  in  the  white  mice  was  checked  20-25  day« 
after  vaccination  by  means  of  a  control  subcutaneous  infection  with  a 
dose  of  1,000  microbes;  in  guinea  pigs,  after  30  days  with  a  dose  of 
1,000  microbes;  in  white  rats,  after  30  days  with  a  dose  of  1 ,000,000,00 > 
microbes  of  a  virulent  tularemia  strain.  Simultaneously,  non-immun4 
white  mice  and  guinea  pigs  infected  subcutaneously  with  a  dose  of  one 
and  10  microbes  of  the  same  virulent  strain,  arid  white  rate  infected 
with  a  dose  of  1,000,000,000  microbes  died  o i  tularemia.  The  animals 
which  died  from  other  causes  during  immunization  or  control  infection 
are  not  included  In  the  Table,  i.  Dose  of  culture  (microbes);  2.  WhiU 
mice;  3.  Guinea  pigs;  4.  White  rate;  5.  Immunized;  6.  Results  of 
control  infection;  7,  Total;  0.  Died  during  immunization  (residual 
virulence);  9.  Infected;  10..  Died  of  tularemia;  U.  Survived;  12.  Sur*i 
vived  (were  fouhdto  Velmmune)7  ”  1 
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According  to  the  data,  of  M.  M.  Faybich  and  T.  S.  Tamarim 
(1946)i  90  percent  survival  after  a  control  infection  with  a  virulent 
culture  was  observed  only  in  the  event  that  the  white  mice  had  been  im  - 
munized  with  a  dose  of  100  microbes  of  the  vaccine  strain  and  guinea 
pigs,  with  a  dose  of  1,000  microbes.  In  the  experiments  of  N.  A* 
Gayskiy  (1944)  the  strains  which  he  had  attenuated  in  the  smallest  dose  1 
(one;  two  or  five  microbes)  protected  all  mice  and  guinea  pigs  against 
death  from  subsequent  injections  of  large  doses  of  the  virulent  culture 
This  can  serve  as  an  indication  of  the  fact  that  in  Gayskiy's  experiments 
the  vaccine  strains  (including  strain  15)  were  in  a  less  attenuated  statq 
than  in  the  experiments  of  Faybich  and  Tamarina. 

Doses  of  500,000,000  and  1,000,000,000  microbes  of  a  vac¬ 
cine  culture  are  usually  not  lethal  to  guinea  pigs,  but  a  dose  of 
3, 000, 000, 000  is  lethal  (M.  M.  Faybich  and  T.  S.  Tamarina,  1946). 

In  contrast  to  guinea  pigs  and  white  rats,  white  mice  show  a  certain 
degree  of  infectious  sensitivity  to  the  vaccine  culture  which  is  exprei 
in  the  death  of  part  of  the  animals  even  from  relatively  small  doses. 
This  afforded  N.  A.  Gayskiy  the  basis  for  considering  vaccine  tularem¬ 
ia  strains  as  cultures  which  contain  residual  virulence.  The  number 
of  deaths  is  the  white  mice  after  the  injection  of  a  vaccine  strain  de¬ 
pends  on  the  dose  of  it.  According  to  the  data  of  O.  S.  Yemel'yenova 
five -20  percent  of  the  mice  die,  respectively,  from  doses  of  one- 100 
microbes  on  subcutaneous  injection;  33-58  percent,  from  1,000- 
1,000,000  microbes;  81-100  percent  of  the  mice,  from  100,000,000 
to  1,000,000,000  microbes  (Table  26). 

According  to  the  data  of  the  same  author,  the  survival  timje 
of  white  mice  from  vaccinal  infection,  in  contrast  to  the  short  survival 
periods  of  mice  after  infection  with  highly  virulent  strains,  can  drag  I 
on  up  to  19  days,  although  the  average  survival  time  is  within  the  limifs 
of  five -10  days.  Death  of  the  mice  most  often  occurs  on  the  sixth  - 
ninth  day  after  doses  of  one- 1,000, 000  microbes;  by  the  10th  day  80-1 
90  percent  of  the  mice  die,  after  which  death  of  isolated  animals  is  obi- 
served.  In  contrast  to  what  occurs  after  acute  infection  in  mice,  when 
J  the  microbes,  as  a  rule,  are  found  in  largo  numbers  in  smears  taken 
:  from  the  spleen,  in  the  case  of  death  of  mice  from  the  vaccine  strain 
j  bactcrioscopy  of  the  spleen  is  far  from  always  being  positive,  and  the| 
degree  of  seeding  of  it  is  considerably  less  than  after  infection  with  a 
virulent  culture;  frequently,  in  many  fields  it  is  possible  to  detect 
only  isolated  microbes  (a  slightly  positive  or  doubtful  bacterioscopic 
result).  The  bacterioscopic  results  are  directly  related  to  the  survivl 
al  time  of  the  mice  and  only  indirectly  to  the  dose  of  infection.  In  cac- 
es  where  death  occurs  early  (up  to  the  sixth  day  inclusive)  reliable 
bacterloscopy  is  observed  in  almost  aU  the  mice  which  die;  in  those 
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Table  26 

Death  of  Mice  from  Doses  of  0ne-l*000« 000*000  Microbes  of  Different 
Vaccine  Strains  (after  O.S.  Yemel'yanova) 


'iNCJtO  MNOI- 

UlpOMHNUX 

UUH'S 


a  no  or  mkorsboI 
ryjnptHU 


■CM 


f£ppo*a  new*  (eyrKs) 


Dcor 


3834 


28 

44 

112 

213 

184 

153 

318 

171 

SO 


1273 


5 

12 

20 

33 

34 
47 
58 
81 

100 


esnee 


OT-flO 


10,2 

10,2 

9.6 
8.9 

8.6 
7.8 
7.1 
5.0 
3.0 


6- 19 

7- 14 
5-19 
5-18 
5-17 
4-17 
3-19 
2-14 
2-  4 


33 


7.8 


2-19 


I  Note.  Data  on  vaccine  strains  the  properties  of  which  satf 

J  isfy  the  requirements  of  the  instructions  are  included  in  the  Table.  1. 
Dose  (microbes):  2.  Number  of  mice  vaccinated;  3.  Died  of  vaccine 
tularemia;  4.  Number;  5.  Survival  time  (days);  6.  Average;  7. 
Million;  8.  Billion;  9.  Total;  10.  From -to. 


which  die  on  the  seventh-  10th  day*  in  only  17-66  percent;  later*  from 
sero  to  six  percent  of  the  cases.  Microbes  are  found  extremely  rarel  f 
in  the  blood. 

The  pathological  picture  in  mice  which  die  of  vaccine  tulai  • 
emia  in  periods  within  the  eighth-  10th  day*  when  the  microbes  can  no  ! 
longer  be  found  bacterioscopically  in  a  number  of  cases*  is  character* 
iaed  by  the  following:  at  the  site  of  injection  there  is  a  dense  infiltrate; 
the  regional  lymph  nodes  are  enlarged*  hyperemic;  the  spleen  and  liv^ 
er  are  of  increased  density  and  enlarged;  in  the  case  of  death  in  the  ! 
later  periods  no  characteristic  pathological  changes  are  found  macro-! 
scopically.  The  most  reliable  method  of  proving  death  of  mice  from 
vaccine  tularemia  is  constituted  by  cultures  of  spleen  on  coagulated 
yolk  medium*  which  inevitably  (in  the  absence  of  extraneous  flora) 
gives  a  positive  result  even  from  animals  which  die  in  the  rnrote  periak 
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However,  in  these  cases  the  growth  of  bacteria  may  be  sparse  and  wil 
appear  only  after  the  cultures  are  kept  for  a  long  time  (up  to  10  days) 
in  the  incubator  (O.  S.  Yemel'yanova). 

Rabbits  need  to  be  injected  with  quite  considerable  doses 
of  the  tularemia  culture  vaccine  in  order  to  obtain  an  immunizing  ef¬ 
fect.  In  the  experiments  of  N.  A.  Gayskiy  (1943),  after  subcutaneous 
injection  of  rabbits  with  a  dose  of  5,000,000  microbes  of  the  15  strain 
allergic  reorganization  was  noted  in  only  part  of  the  animals,  while  af » 
ter  the  administration  of  a  dose  of  50, 000, 000  microbes  it  was  found 
in  all  animals*  According  to  the  data  of  O.  S.  Yemel'yanova,  subcu-  . 
taneous  injection  of  rabbits  with  a  dose  of  100,000  microbes  of  the  15- 
reconstituted  strain  caused  the  formation  of  agglutinins  in  all  five  ani¬ 
mals  used  in  the  experiment,  but  the  titers  were  low,  not  exceeding 
1:20.  After  the  injection  of  a  dose  of  10,000  microbes  the  appearance 
'  of  agglutinins  was  noted  in  only  two  out  of  five  rabbits,  and  after  the 
injection  of  a  dose  of  1,000  microbes  antibodies  were  not  found  in  the 
same  number  of  experimental  animals  even  with  a  serum  dilution  of 
1:5.  In  the  case  of  subcutaneous  inoculation  cf  rabbits  with  a  dose  of 
1,000,000  microbes  or  higher  agglutinins  were  then  found  in  all  the  ea  - 
perimental  animals,  and  the  agglutination  titers  (by  the  20th  day)  were 
the  higher  the  greater  the  dose  of  vaccine.  One  month  after  vaccina¬ 
tion  the  rabbits  were  infect'd  subcutaneously  with  10,000,000,000  mi* 
crobes  of  the  fully  virulent  503  strain.  All  the  rabbits  vaccinated  witt 
a  dose  of  1,000,000,000  microbes  or  more  as  well  as  one  cut  of  five 
rabbits  immunized  with  a  dose  of  100,000  microbes  survived.  The  re¬ 
maining  rabbits,  like  the  10  controls,  died  of  acute  tularemia  after 
three -four  days* 

The  human  body  is  c'.iaracterized  by  a  moderate  suscepti-i 
bility  to  the  vaccine  culture  --  quite  considerable  doses  are  necessary 
|  to  surmount  the  natural  defense  forces  of  the  body  and  produce  im¬ 
mune  reactions.  For  adults  does*  of  10,000,000  to  25,000,000  mi¬ 
crobes  are  optimal  for  immunization  with  subcutaneous  injection;  a 
dose  of  1,000,000  or  5,000,000  microbes  is  inadequate  (N.  A.  Gay¬ 
skiy,  M.  M.  Fayblch  and  others).  This  problem  will  be  discussed  in 
•  greater  detail  in  Chapter  X.  As  far  as  the  infection*  sensitivity  of  tho 
i  human  body  is  concerned,  in  this  case  it  is  negligible,  since  the  vac- 
j  cine  culture  is  practically  harmless  for  man. 

I  Immunity  after  Percutaneous  and  Intrade rmal  Injection*. 

:  B.  Ya.  El'bert  (1945)  proposed  the  percutaneous  method  of  vaccination 
J  again  ct  tularemia,  first  checking  it  in  experiments  on  guinea  pigs. 

;  Rubbing  ths  culture  of  vaccine  Into  a  linear  superficial  scratch  on  the 
j  shaved  guinea  pig  skin  produced  a  vaccine  process  in  them,  and  after  t 
'  a  month  the  animals  wsre  resistant  tc  subcutaneous  and  other  method! 
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of  Infecting  them  with  a  virulent  culture  of  tularemia  bacteria.  Later, 
in  studies  published  by  this  author  and  his  co-workers  (B.  Ya.  El'bert 
and  coauthors,  1947)  the  results  of  subsequent  experimental  investiga* 
tions  are  reported,  which  made  it  possible  to  characterize  completely 
the  effectiveness  of  this  vaccination  method.  It  was  determined  that  ix 
experimental  guinea  pigs  the  inflammatory  changes  in  the  skin  at  the 
site  of  application  of  the  vaccine  as  well  as  in  the  regional  lymph  noden 
are  of  a  benign  character.  Percutaneous  vaccination  was  accompanied 
by  antibody  production  (agglutination  titers  of  the  sera  were  1:25-1:50) 
and  a  specific  allergic  reorganization  of  the  body  as  demonstrated  by 
the  intradermal  tularin  test.  The  guinea  pigs  vaccinated  percutaneous 
ly  show  resistance  to  percutaneous,  subcutaneous,  conjunctival,  intra 
nasal,  alimentary,  and  air-droplet  infection  with  a  virulent  culture, 
whereas  all  the  control  unvaccinated  animals  die. 

Laboratory  data  obtained  made  it  possible  for  B.  Ya.  El'¬ 
bert  and  co-workers  to  proceed  with  percutaneous  vaccination  of  peoplis. 
The  inoculations  were  harmless  and  were  well  tolerated.  In  the  inocui- 
lees  agglutinins  were  then  found  in  serum  dilutions  of  1:200- 1:400,  and 
the  skin  allergic  reactivity  was  found  to  the  injection  of  tularin  (for 
more  details  see  Chapter  X). 

In  proposing  the  percutaneous  method  of  vaccination  against 
tularemia  B.  Ya.  El'bert  (1946)  pointed  tc  the  following  advantages  of 
it:  1)  gradual  development  of  the  vaccine  process  in  which  the  microb  > 
of  the  tularemia  vaccination  first  multiplies  in  the  skin  and  then  in¬ 
vades  the  deeper  cellular  systems  and,  finally,  reaches  the  regional 
lymph  nodes,  that  is,  percutaneous  immunization  is  expressed  in  a 
stage  infiltration  of  the  microbes  from  the  skin  into  the  depth  of  the  ti^- 
|  sues  in  fractional  doses  from  the  skin  depot  formed;  2)  percutaneous 
I  vaccination  permits  a  direct  reading  of  the  success  of  the  inoculation,  j 
I  based  on  the  formation  of  a  typical  succession  of  reaction  phases  on 
■  the  skin  of  those  vaccinated  along  the  course  of  the  scarified  areas;  3}j 
{percutaneous  vaccination  consists  of  the  use  of  a  simple  technical 
(method  in  the  form  of  rubbing  the  vaccine  into  a  linear  scratch  in  the 
j  skin,  as  in  the  case  of  a  smallpox  vaccination ,  which  fully  assures  thd 
;  possibility  of  mass  coverage  of  people  in  localities  which  are  epidem-} 


i  iologically  unfavorable  for  tularemia. 


I  N.  A.  Gayskiy  and  co-workers  (1949),  after  checking  ex* 

j  pcrlmentaUy  and  then  checking  on  people  the  percutaneous  method  of  j 
vaccination  against  tularemia  proposed  by  B.  Ya.  El'bert,  praised  it  • 
{highly.  Like  B.  Ya,  El'bert,  he  pointed  to  the  important  role  of  the  j 
t  skin  In  the  development  of  immunity  in  tularemia  and  he  indicated  the  i 
theoretical  baeis  of  utilization  of  the  skin  as  an  "organ  of  immunogen -j 


eels". 
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As  is  well  known,  the  method  of  vaccination  through  the 
skin  has  be-sn  immunologicaJly  vary  effective  in  a  number  of  infectious 
diseases,  particularly  smallpox,  tuberculosis  and  plague.  The  percu¬ 
taneous  method  of  vaccination  in  tularemia  has  fully  justified  itself  in 
antiepideraic  practice,  and  at  the  present  time  this  method  is  used  ex¬ 
clusively  (see  Chapter  X). 

In  the  experiments  of  O.  S.  Yemel'yanova  a  dilution  of 
10"5  of  a  one-billion  vaccine  cidture  suspension  {that  is,  1,000,000 
microbes  are  present  in  one  cc)  was  adequate  to  assure  resistance  to 
subsequent  infection  with  1,000  MLCD  of  the  virulent  503  strain  after 
percutaneous  application  to  guinea  pigs  in  all  the  vaccinated  animals. 

A  dilution  of  10~*  created  an  immunity  of  adequate  strength  in  the  ma¬ 
jority  of  guinea  pigs,  whereas  subsequent  dilutions  were  practically 
|  ineffective.  Almost  the  same  results  were  obtained  by  V.  A.  Yuden- 
!  ich  (1954)  in  the  testing  of  a  freshly-prepared  liquid  egg  yolk  vaccine 
which  had  1,000,000,000  living  bacteria  per  cc.  The  rabbits  could  be 
vaccinated  percutaneously  by  u«ing  a  one-billion  suspension  of  the  vac¬ 
cine  culture  (O.  S,  Yemel’yanova). 

The  number  of  bacteria  introduced  into  scratches  on  per¬ 
cutaneous  vaccination  has  not  been  determined  by  anyone.  Undoubted" 
ly,  it  is  subject  to  variations  depending  on  the  number  and  the  length 
of  the  scratches  made,  their  depth,  the  intensity  with  which  the  vac- 
j  cine  is  subsequently  rubbed  in,  etc.  (V.  G.  Pilipenko  and  T,  A.  Shchtk’ 
ina,  1959).  Without  violating  the  principle  of  vaccination  through  the 
skin,  with  the  aim  of  a  more  accurate  control  of  the  losage  the  intra¬ 
de  rmal  method  of  injecting  the  vaccine  can  be  used  in  the  laboratory 
experiment.  In  our  laboratory  this  method  is  used  frequently  for  the 
immunization  of  guinea  pigs  in  those  cases  where  it  is  necessary  to 
know  the  dose  of  vaccine  accurately.  The  dose  of  10,000  microbes  inj- 
j  jeeted  intradermally  usually  immunizes  all  or  almost  all  of  the  guinea 
-  pigs  used  in  the  experiment,  but  for  the  purpose  of  obtaining  a  more 
|  complete  effect  of  vaccination  it  is  necessary  to  inject  the  animals 
(with  larger  doses,  for  example,  10,000,000  microbes  (T.  A.  Kalitina), 
|  In  the  experiment*  of  O.  3.  Yemel'yanova  on  percutaneous  /accinatioi 
■  of  guinea  pigs  and  rabbits  by  means  of  the  standard  method  of  applies 
j  tion  of  the  vaccine,  it  was  noted  that  with  the  use  of  a  suspension  with 
J  a  concentration  of  1,000,000,000  microbes  per  cc  the  immunological 
|  effect  of  vaccination,  determined  on  the  20th  am’  30th  days  by  the  level 
of  the  agglutination  titer  of  the  serum,  was  less  than  after  subculane- 
1  ous  injection  of  the  same  dose,  but  a  Little  higher  than  aft  at  subcuUm  - 
(  ous  injection  of  a  dose  of  100,000,000  microbes. 

1  In  people,  the  dry  v*ccine  even  In  a  tenfold  dilution  (10**) 

^usually  produces  a  very  distinct  inoculation  reaction  in  60-100  percen; 
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of  the  cases  depending  on  the  series  of  vaccine  used  (L.  S.  Matveycts, 
G.  P.  Uglovoy  and  others).  These  data  show  that  in  the  vaccine  being] 
produced  several  minimum  immunizing  doses  are  present  in  a  single 
dose,  which  is  very  important  for  insuring  the  quality  of  the  vaccine 
during  the  time  it  stands,  when  a  partial  extinction  of  the  microbes  ocj- 
curs. 

In  very  thorough  experiments  of  V.  P.  Motor  nay  a  (1953) 
in  guinea  pigs  it  was  made  clear  that  subcutaneous,  intradermal  and 
percutaneous  methods  of  vaccination  are  practically  equivalent  with 
regard  to  the  immunizing  effect. 

Morphology  (Histopathology)  of  the  Vaccine  Pro  ess  Expejj- 
imentally.  Histological  studies  of  the  organs  of  animals  vaccinated 
with  Gayskiy  vaccire  culture  were  made  for  the  fi-st  time  by  V.  V. 
Dunskov  (1944).  The  author  had  at  his  disposal  the  organs  of  guinea 
pigs,  which  were  subcutaneously  inoculated  with  doses  from  1,000  to 
5,000  microbes  of  the  10th»17th  generations  of  the  15  strain.  Accordj 
ing  to  Dunsaov's  data  the  most  distinct  changes  were  found  in  the  lym^h 
nodes,  regional  to  the  site  of  injection  of  the  culture,  and  were  ex> 
pressed  in  the  formation  of  typical  tularemia  granulomas  in  their  tis¬ 
sues  which  subsequently  underwent  fibrosis  for  the  most  part.  In  par$ 
of  the  cases  the  granulomas  underwent  necrotization,  and  in  three 
guinea  pigs  out  of  30  a  secondary  suppuration  of  the  necrotic  foci  was 
found.  Specific  granulomas  were  found  in  the  spleens  of  eight  out  of 
30  guinea  pigs,  but  in  these  „a.ses  «he  inflammatory  process  was  of  a 
productive  character,  and  in  only  two  guinea  pigB  were  there  small 
foci  of  necrosis  in  the  centers  of  the  granulomas.  In  the  liver  no  spec¬ 
ific  inflammatory  changes  were  found,  but  in  the  lungs,  in  part  of  the 
guinea  pigs,  moderate  changes  were  noted  in  the  form  of  hyperemia, 
edema,  and  cellular  infiltration  along  the  courses  of  the  bronchi  and 
blood  vessels.  The  author  notes  that  the  later  generations  of  the  15 
strain  produced  correspondingly  less  pronounced  pathological  changed 
in  the  guinea  pigs,  which  indicated  a  gradual  reduction  in  the  residual] 
virulence  of  the  strain, 

1.  A.  Ghaiisov  and  M.  G.  Spasskaya  (1946,  1948),  and 
then  Z.  D.  Kh&khina  (1947),  investigating  the  organs  of  guinea  pigs  l 
which  had  been  vaccinated  subcutaneously  or  percutancously,  and  A. 

V.  Mashkov  (1952),  investigating  the  organs  of  guinea  pigs,  white 
mice  and  white  rats  which  had  been  vaccinated,  also  noted  the  benign  j 
character  of  the  pathological!  changes  in  the  tissues  from  the  vaccine  i 
process.  In  the  generalized  form  the  results  of  the  studies  of  the  t 
authors  mentioned  are  the  following.  After  cubcutaneous  and  percu-  j 
taneous  injection  in  guinea  pigs  and  subcutaneous  injection  of  mice  and 
white  rats  using  Immunizing  doses  of  the  vaccine  culture  the  latter^  J 
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regularly  penetrates  into  the  internal  organs  and  produces  a  specific  j 
inflammatory  granulomatous  process  in  the  tissues.  In  white  mice, 
as  animals  more  sensitive  to  tularemia^  this  process  is  more  pro¬ 
nounced  and  is  accompanied  by  partial  destruction  of  the  tissue,  wheri 
as  in  guinea  pigs  it  has  a  less  diffuse  character,  and  destructive  chang¬ 
es  in  the  granulomas  are  rare.  Finally,  in  white  rats,  even  after  the 
injection  of  a  very  large  dose  of  vaccine,  the  inflammatory  changes 
are  perfectly  benign,  and  they  quite  rapidly  undergo  resolution,  which] 
indicates  the  rapid  production  of  immunity  (A,  V.  Mashkov).  I.  A. 
Chalisov  and  M.  G.  Spasskaya  (1946)  noted  the  duration  of  the  vaccine 
inflammatory  process  in  guinea  pigs,  tentatively  defining  it  as  no  less 
than  three  months.  Tne  state  of  allergy  in  guinea  pigs  occurring  dur 
ing  the  process  of  vaccination  is  confirmed  well,  in  the  authors' 
opinion,  by  characteristic  changes  in  the  blood  vessel  walls  in  the  fo¬ 
cus  of  inflammation  (at  the  site  of  injection  of  the  culture)  and  the  lym 
nodes  during  the  initial,  acute  period.  After  inoculation  with  the  Gay- 
skiy  vaccine  strain  V.  V.  Donskoy  (1944)  did  not  find  any  macroscopic^ 
or  microscopic  changes  in  rabbits.  Evidently,  this  is  as sociated  with 
the  inadequate  dose  of  the  vaccine  --  the  author  points  out  that  the  anij 
male  were  injected  with  1,000  to  5,000  microbes. 

A.  V.  Mashkov  (1952)  indicates  that  during  the  entire  ob¬ 
servation  period  (43  days)  he  found  bacteria  phagocytized  by  mononu¬ 
clear  cells  by  ri croscopy  of  the  spleen  and  liver,  whereby  the  picturcj 
of  phagocytosis  was  of  the  same  character  as  in  the  experiments  with 
the  virulent  culture.  In  view  of  the  fact  that  these  observations  were 
]  not  reinforced  by  bacteriological  studies  and  were  made  without  use 
of  selective  staining  of  the  bacteria  they  need  further  confirmation. 

Bacteriology  of  the  Vaccine  Process  Experimentally. 

Study  of  the  bacteriology  of  the  vaccine  process  runs  into  difficulties 
associated  with  the  inadequate  development  of  methods  of  detecting  at-j 
tenuated  bacteria  in  the  organs  and  tissues  of  vaccinated  animals. 
Judging  from  experiments  with  a  virulent  culture  (see  Chapter  IV), 
j  bacteria  can  be  found  relatively  regularly  by  the  method  of  streaming 
!  (with  an  impression  of  a  piece  of  the  organ)  on  synthetic  nutrient  med-j 
]  ium  only  if  the  number  of  them  per  gram  of  tissue  of  the  investigated 
j  organ  comes  to  1,000,000  or  more.  The  biological  method  of  detection 
*  of  bacteria,  so  successful  in  working  with  a  virulent  culture,  should 
|  be  supplemented  by  the  immunolpgical  method  (that  is,  by  checkin^  thi 
.  immunity  in  animals  used  for  the  biological  test)  in  experiments  with  a 
vaccine  culture,  which  complexifies  the  analysis.  However,  the  pronj 
ise  of  this  method  is  clearly  shown  in  the  works  of  N.  A.  Gayskiy  and 
then  those  of  T.  N.  Dunayeva. 

After  the  injection  of  a  vaccine  culture  the  infectious 
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process  in  animals  susceptible  to  it  passes  through  those  phases  of 
adaptation,  regional  infection  and  hematogenous  dissemination  (focal 
spread)  as  after  infection  with  a  virulent  culture.  However,  this  proc  ■ 
ess,  even  in  the  most  sensitive  animals,  occurs  in  a  much  more  be¬ 
nign  manner  and  on  a  lower  level  of  seeding  of  the  organs  and  tissues 
with  bacteria  than  after  infection  with  a  virulent  culture.  In  animals 
of  group  1  (white  mice,  voles,  lemmings)  small  doses  of  the  vaccine 
culture  produce  a  lingering  process  with  prolonged  circulation  of  bac¬ 
teria  in  the  blood.  N.  A.  Gayskiy  (1946.  1948)  notes  that  in  white 
mice  which  have  been  vaccinated  cultures  made  from  their  organs 
(spleen  and  bone  marrow)  after  20  days  are  positive  in  40  percent  of 
the  cases.  The  author  succeeded  in  showing,  in  a  certain  percentage 
of  cases,  the  existence  of  living  microbes  in  the  bodies  of  the  vaccinat¬ 
ed  mice  by  immunological  methods  at  even  later  perieds  after  vaccina¬ 
tion  (after  36  and  67  days).  He  emphasizes  the  need  for  the  penetration 
of  vaccine  bacteria  into  the  internal  organs  of  the  animal  being  immun¬ 
ized  for  the  production  of  a  strong  immunity. 

Longer  periods  of  detection  of  bacteria  (up  to  four  months' 
were  found  by  T.  N.  Dunayeva  in  steppe  lemmings  £Lagurus  lagurusj, 
which  show  increased  sensitivity  to  the  vaccine  culture  by  comparison 
with  other  animals  of  group  I,  In  the  experiments  of  T.  N.  Dunayeva 
on  common  voles  ^sometimes  known  as  the  Northern  volef  Microtus 
arvalisj  it  was  made  clear  that  even  with  a  small  infective  dose  (100 
microbes  subcutaneously),which  usually  produces  a  benign  process  in 
j  these  animals  which  ends  in  recovery,  the  vaccine  culture  penetrates 
|  into  the  blood  stream  and  is  found  here  from  the  third-fourth  through 
i  the  20th  day  (the  observation  period).  For  the  purpose  of  detecting 
bacteria  in  the  blood  the  author  fed  Dermacentor  marginatus  larvae  or 
the  voles  and  studied  them  according  to  the  days  on  which  they  fell  off 
inoculating  white  mice  with  subsequent  check  of  their  immunity  to  sub  • 
cutaneous  injection  of  100  MLCD  of  the  virulent  strain.  After  the  in- 
!  jection  of  a  dose  of  100,000,000  microbes  of  the  vaccine  into  the  voles, 
j  which  is  lethal  for  them,  bacteria  were  found  in  the  blood  as  early  as 
j  after  24  hours  and  were  found  regularly  in  it  until  the  animals  died 
j  (Fig  68).  1 

The  injection  of  white  mice  and  other  animals  of  group  I  j 
j  with  relatively  small  doses  of  a  vaccine  culture  usually  causes  moder*- 
j  ate  injury  to  the  tissues  in  organ?  which  fix  the  bacteria  but  does  not  j 
paralyze  immunity  development,  and  this  leads  to  a  localization  of  the 
infection  and  subsequent  gradual  subsidence  of  it.  While  in  acute  tulajr- 
emia  caused  by  infection  with  a  virulent  culture  the  granulomatous 
|  changes  and  tissue  necrotization  are  intensified  with  the  development 
1  of  the  infectious  process,  in  experiments  with  Gayskiy's  vaccine  culture 

♦Also  known  as  the  meadow  or  field  vole. 
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Fig  68.  Time  of  Finding  Vaccine  Culture  in  the  Blood  of  Common 
Voles  by  the  Method  of  Feeding  Dermacentor  Marginatus  Larvae  on 
Them  with  Subsequent  Investigation  of  Them  by  the  Biological  Test  on 
White  Mice.  Each  circle  corresponds  to  one  animal.  Circles  with 
ordinary  hatching  denote  the  animals  which  died  of  the  vaccine  infec¬ 
tion;  circles  with  cross-hatching  show  the  animals  which  survived  and 
which  were  found  to  be  immune  to  subsequent  infection  with  100  MLCE 
of  a  virulent  culture;  the  unhatched  circles  represent  the  surviving 
animals  which  were  not  immune  to  subsequent  infection  with  100  M1CD 
of  a  virulent  culture  (according  to  T.  N.  Dunayeva).  The  figures  in 
|  the  circles  show  the  survival  time  of  the  animals  after  vaccination 
1  (or  infection).  1.  Dose  of  vaccine  in  microbes;  Z.  Vaccinated  voles 
j  on  which  the  tick  larvae  were  fed;  3.  Biological  test  on  white  mice 
t  from  suspensions  of  tick  larvae  which  had  been  attached  to  the  voles 
J  according  to  days  on  which  they  fell  off  the  vaccinated  voles;  4, 

I  10C,  000, 000;  5.  The  vole  died.  I 


the  predominance  of  the  productive  phase  of  inflammation  is  noted,  tho 
!  resolution  of  granulomas,  and  reparative  changes  (A.  V.  Mashkov). 
With  recovery  the  elimination  of  vaccine  bacteria  from  the  body  occurs 
in  animals  of  the  first  group  slowly,  but  is  still  completed  by  two 
i  mouths  in  the  majority  of  cases,  although  in  occasional  individuals  it 

•  . .  ’  " 
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can  drag  on  to  lour  months  and  possibly  even  longer. 

After  the  inoculation  of  large  doses  of  vaccine  into  white 
mice  and  other  animals  of  group  1  the  injury  to  the  tissues  of  the  liver^ 
spleen,  bone  marrow  and  other  organs  reaches  a  considerable  degree, 
and  the  phase  of  hematogenous  dissemination  (and  of  focal  spread)  is 
usually  replaced  by  septicemia  which  ends  in  death.  However,  death 
occurs  with  much  less  seeding  of  the  organs  than  after  infection  with  a 
virulent  culture  (I.  S.  Tinker  and  M.  S.  Drozhevkina,  1948;  O.  S. 
Yemel'yanova).  This  indicates  partial  resistance  of  the  body,  despite 
the  injection  of  a  massive  dose  of  vaccine.  In  cases  of  survival  of  ani 
mals  of  group  I  after  injected  with  relatively  massive  doses  of  the  vac  4- 
cine  resolution  of  the  inflammatory  changes  in  the  organs  occurs  more) 
rapidly  than  after  the  injection  of  small  doses  (A.  V.  Mashkov,  1952). 
This  can  indirectly  indicate  the  more  rapid  elimination  of  bacteria  froijn 
the  body  as  the  result  of  more  active  antigenic  influences. 

In  guinea  pigs  which,  as  has  been  indicated  in  Chapter  IV, 
possess  a  slight  but  clearly  expressed  natural  resistance  to  the  viru- 
lent  tularemia  culture,  the  vaccine  produces  a  benign  process,  by  coni 
parison  with  white  mice  and  other  animals  in  group  I,  even  when  injecj- 
I  ted  in  relatively  large  doses.  After  subcutaneous  injection  of  guinea 
pigs  with  a  vaccine  in  a  dose  of  1,000,000,000  microbes  the  cultures 
may  be  regularly  positive  from  the  liver,  spleen  and  lungs  until  the 
10th  day;  from  the  regional  lymph  node  and  site  of  inoculation,  until 
!  the  30th  day  (V.  A.  Yudenich,  1954).  After  the  injection  of  smaller 
doses  of  the  vaccine  the  cultures  are  usually  positive  from  tissue  takeji 
from  the  injection  site  and  the  regional  lymph  node  until  the  15th-20th 
day  and  irregularly,  from  the  spleen  until  the  third-fifth  day  (V.  A. 
Yudenich,  1954;  O,  S.  Yemel'yanova). 

j  The  time  needed  for  ridding  the  guinea  pig  organism  of  the 

|  vaccine  cells  which  have  penetrated  into  its  internal  organs  and  region 
jal  lymph  node  is  possibly  longer  than  can  be  established  by  the  method 
jof  inoculation  of  egg  yolk  medium,  in  view  of  the  inadequate  sensitivity 
| of  this  latter  for  the  detection  of  relatively  small  numbers  of  bacteria 
in  the  tissue  being  investigated.  I,  N.  Mayskiy  (1953),  two-and-a-hal 
months  after  vaccination  of  guinea  pigs,  could  not  find  tularemia  bac¬ 
teria  in  their  organs  and  considers  this  proof  of  the  transition  of  im¬ 
munity  into  a  sterile  phase. 

|  In  experiments  on  rabbits  I.  S.  Tinker  and  M.  S,  Drozhev 

kina  (1948)  determined  the  fact  that  after  subcutaneous  injection  of  ani 
'mals  with  a  dose  of  10,000,000  microbes  of  a  vaccine  culture  the  bac-J 
jteria  were  then  found  by  streaking  liquid  yolk  medium  at  the  site  of  inf 
j  jection  and  in  the  regional  lymph  nodes  until  the  20th  day,  but  in  two 
;  cases  (out  of  10)  microbes  were  plated  out  of  the  tpleen  on  the  third  j 
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and  tilth  days  after  inoculation. 

The  Rate  of  Formation,  Strength  and  Duration  of  Immunity . 
Experiments  on  laboratory  animals  demonstrate  in  a  perfectly  clear- 
cut  manner  the  relatively  rapid  formation  of  immunity  to  tularemia  af¬ 
ter  subcutaneous,  intradermal  or  percutaneous  administration  of  living 
tularemia  vaccine.  The  rate  of  production  of  immunity  depends  on  th» 
dose  of  vaccine  given  and,  to  a  certain  degree,  on  the  species  of  ani¬ 
mal.  Immunity  of  great  strength  is  created,  protecting  the  animal 
against  the  Injection  tC  massive  doses  of  a  virulent  culture. 

N.  A.  Gayskiy  and  coauthors  (1947)  report  that  immunity  . 
in  white  mice  appears  during  the  first  few  days  after  vaccination;  five 
days  after  the  subcutaneous  inoculation  of  100  microbes  of  a  vaccine 
culture  43  percent  of  the  mice  showed  resistance  to  infection  with  10,00(i 
minimum  lethal  doses  of  a  virulent  culture;  after  10  and  15  days,  all 
100  percent.  In  guinea  pigs  vaccinated  subcutaneously  with  a  dose  of 
1,000,000  microbes  resistance  to  an  infection  of  100,000  MLD  of  a 
virulent  culture  was  noted  five  days  after  vaccination  in  40  percent  of 
the  cases;  nine  days  after,  in  57  percent;  22  days  after,  87.5  percen;; 
30  days  after,  the  percentage  of  immune  animals  comes  close  to  ICO. 
The  appearance  of  immunological  reactions  --  allergic  reactions  and 
agglutination  reactions  --  was  noted  by  the  authors  10  days  after  vac¬ 
cination  in  half  of  the  guinea  pigs  checked,  and  after  15-*.  I  days  the 
allergic  reaction  was  positive  in  all  guinea  pigs,  whereas  the  agglutinin 
tion  reaction  on  the  26th  day  was  positive  in  eight  out  of  10  guinea  pigs, 
but  the  serum  titer  did  not  exceed  1:10.  In  the  experiments  of  B.  Ya. 
El'bert  and  coauthors  (1947)  guinea  pigs  withstood  subcutaneous  infec¬ 
tion  with  10,000  lethal  doses  of  a  virulent  strain  as  early  as  the  third 
day  after  percutaneous  vaccination. 

Similar  results  in  guinea  pig  experiments  were  then  ob¬ 
tained  by  A.  V.  Mashkov  (1952),  I.  N.  Mayskiy  (1953),  T.  A.  Kalitina 
j  (1953)  and  V.  A.  Yudenich  (1954),  After  the  subcutaneous  injection  of 
i  a  quite  massive  dose  of  the  vaccine  culture  of  the  15  strain  (500,000 
j  microbes)  part  of  the  guinea  pigs,  according  to  I.  N.  Mayskiy’s  data, 

'  can  withstand  subcutaneous  infection  of  10  MLD  of  a  virulent  culture 
•  after  two  days;  after  four  days  the  guinea  pigs  are  capable  of  standing 
1  infection  with  100  MLD;  after  10  days,  100,000  MLD;  after  the  15th 
day,  10, 000,000  MLD.  Experiments  with  percutaneous  vaccination 
!  gave  similar  results.  In  experiments  with  subcutaneous  vaccination 
as  early  as  the  fifth  day  after  the  guinea  pigs  reacted  to  intradermal 
|  injection  of  tularin;  on  the  sixth  and  seventh  days  the  intradermal  tes  : 

.  was  positive  in  almost  all  animals.  The  agglutination  test  on  the  six 
■  day  after  vaccination  was  positive  in  dilutions  of  1:10-1:20  in  half  of 
!  the  guinea  pigs  studied;  on  the  seventh  day,  in  almost  all.  In  expert 
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ments  with  percutaneous  vaccination  agglutinins  were  found  in  almost 
all  guinea  pigs  beginning  with  the  seventh  day*  but  at  this  time  only  two 
guinea  pigs  out  of  eight  reacted  to  tularin,  whereas  on  the  10th  day 
antibodies  and  skin  reactivity  were  found  m  all  guinea  pigs.  In  experi  > 
ments  with  percutaneous  vaccination  of  guinea  pigs  V.  A.  YudenicL 
(1954)  obtained  data  similar  to  those  of  I.  N.  Mayskiy. 

Increase  in  the  dose  of  vaccine  makes  it  possible  to  bring 
about  the  survival  of  guinea  pigs  and  white  rnic'*  after  an  even  smaller 
interval  between  vaccination  and  infection  than  two  days.  The  same 
result  may  be  obtained  from  simultaneous  injection  of  the  animals  with  - 
a  massive  dose  of  a  vaccine  culture  and  several  lethal  doses  of  a  viru¬ 
lent  culture  (A.  V.  Mashkov,  195k.;  I.  N.  Mayskiy,  1953).  This  ex¬ 
periment  can  be  done  comparatively  easily  if  the  animal  is  injected 
with  a  mixture  of  both  cultures  into  the  same  extremity,  and  is  made 
difficult  to  some  degree  if  the  cultures  are  injected  separately  into  dif  • 
ferent  extremities.  N.  N.  Ginaburg  (1947),  based  on  the  results  of  ex¬ 
periments  on  rabbits  with  anthrax  and  on  guinea  pigs  with  plague  and 
tularemia,  called  this  phenomenon  a  "survival  phenomenon",  whereby 
he  pointed  out  that  its  mechanism  is  not  clear.  As  is  justifiably  noted 
by  I.  N.  Mayskiy  (1953),  the  "survival  phenomenon"  of  Ginsburg  rep¬ 
resents  only  a  specific  case  of  the  "law  of  reinoculation"  of  Sh.  D. 
Moshkovskiy.  I.  N.  Mayskiy  and  A.  V.  Mashkov  conclude  correctly 
that  with  the  combined  injection  of  a  massive  dose  of  a  vaccine  culture 
and  a  small  dose  of  a  virulent  culture  the  former  rapidly  reaches  a 
high  concentration  in  the  organs  and  causes  immunity,  which  limits  tho 
multiplication  of  the  virulent  microbe  and  therefore  prevents  the  devel¬ 
opment  of  an  acute  tularemia  infection.  I 

In  the  experiments  presented  on  clarification  of  he  rate  o!f 
development  of  immunity  in  vaccinated  mice  and  guinea  pigs  to  infec¬ 
tion  with  doses  of  a  virulent  culture  known  to  be  lethal  it  would  be  in¬ 
correct  to  think  that  in  cases  of  survival  (recovery)  of  the  experimenta 
animals  after  infection  a  short  time  after  infection  they  possess  immun 
ity  as  early  as  on  the  day  of  infection.  This  is  particularly  clear  with 
respect  to  animals  which  were  infected  with  a  virulent  culture  simul- 
jtaneously  with  injection  of  the  vaccine.  Evidently,  these  animals  at  j 
jthe  time  of  infection  were  not  immune,  although  they  survived.  One  o: 
.the  indices  indicating  attainment  of  resistance  after  vaccination  may  bo 
{the  appearance  of  the  first  signs  of  reparative  changes  in  the  tissues 
'in  the  foci  of  inflammation  (A.  V.  Mashkov,  1952). 

|  Vaccinated  white  mice  and  guinea  pigs,  during  the  period 

|  of  maximum  development  of  the  immunity,  arc  resistant  to  infection 
iwlth  massive  doses  of  a  virulent  culture  numbering  hundreds  of  thous¬ 


ands  and  millions  of  MLCD  (N^  A.  Gayskiy,  B.  Ya.  El'bert 


cos  oi  tnous-, 
art,  I.  N.  ( 
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Mayskiy,  V.  A.  Yudenlch,  and  others).  In  the  experiments  of  0.  S. 
Yezrel'yanova  white  mice  survived  doses  of  100,000-1,000,000  MLCD 
when  infected  with  a  virulent  tularemia  culture  three  weeks  after  vac¬ 
cination  as  well,  partially,  as  doses  of  10,000,000-100,000,000  MLCI>1 
only  after  a  dose  of  1,000,000,000  MLCD  do  almost  all  the  mice  die 
of  tularemia  (Fig  69).  The  result  obtained  very  much  resembled  that 
from  infection  of  non -immune  white  rats  with  similar  doses.  In  other 
words,  vaccination  of  the  mice  lowered  their  sensitivity  to  tularemia 
to  the  level  of  sensitivity  of  animals  in  group  II.  A  similar  statement 
has  been  made  in  the  works  of  A.  D.  Mashkov  (1952). 
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|  Fig  69.  Results  of  Subcutaneous  Infection  of  White  Mice  with  Different 
Doses  of  a  Virulent  Tularemia  Culture  Three  Weeks  after  Subcutane- 
i  ous  Vaccination  with  a  Dose  of  1,000  Microbes  of  the  NIIEG  Vaccine 
:  Culture,  A.  Infection  with  the  503  strain;  B.  Infection  with  the  9 
!  strain  (after  O.  S.  Yemel'yamova),  1.  Infective  dose  (microbes);  2. 

|  Infected  mouse;  3.  Mice  died  of  tularemia  (the  figures  indicate  the 
'  survival  time);  4.  Thousands;  5,  Million (b);  6.  Billion. 


Important  indices  of  the  strength  of  immunity  in  vaccina-  | 
tion  are  the  following:  the  ability  of  the  body  of  the  vaccinated  animal 
to  suppress  the  multiplication  of  virulent  bacteria  which  has  penetrated 
into  the  organism,  the  nature  of  Inflammatory  reactions  in  the  tissues 
|  into  which  the  microbes  have  penetrated,  and  the  rate  of  elimination 
!  of  these  from  the  body.  I.  S.  Tinker  and  M.  S.  Droahc vkina  (1949) 
point  out  that  in  vaccinated  white  mice,  guinea  pigs  and  rabbits  virulat 
„tuUxep\U ape  ly_dOJlPt.tB££%dJlSYPlxd.tbo  . 
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limits  of  ihe  primary  complex  --  the  site  of  injection  of  the  pathogen 
and  the  regional  lymph  nodes.  However*  in  the  experiments  of  other 
investigators  it  was  determined  that  in  guinea  pigs  immunized  with  liv 
ing  vaccine  the  immunity  is  inadequate  to  prevent  penetration  of  part 
of  the  bacteria  into  the  blood  and  internal  organs  after  infection  with  a 
virulent  culture  (V.  A.  Yudenich,  1956;  L.  S.  Matveyets).  Similar 
data  are  available  with  respect  to  white  mice  (T.  N.  Dunayeva).  Vac¬ 
cinated  guinea  pigs,  surviving  after  infection  with  many  lethal  doses 
of  a  virulent  strain,  usually  have  quite  pronounced  clinical  manifesta¬ 
tions  of  disease  (fever,  loss  of  weight,  enlargement  of  regional  lymph 
nodes),  which  clearly  indicates  generalization  of  the  infection,  at  leas 
brief.  In  animals,  after  infection,  there  is  a  marked  intensification 
of  immunological  reactions  (allergy,  agglutination),  and  specifically 
the  serum  agglutina  ion  titers  increase  by  three -five  times  (T.  A.  Kal 
itina,  1953;  L.  S.  Matveyets,  I960).  Even  a  triple  vaccination  (  at 
monthly  intervals)  with  a  vaccine  culture  in  guinea  pigs  doss  not  cre¬ 
ate  immunity  in  them  adequate  to  limit  the  virulent  infection  to  the  re¬ 
gional  phase  (L,  S.  Matveyets).  Such  immunity  can  be  created  in  guir 
ea  pigs  only  after  acting  on  them  additionally  with  a  virulent  culture 
(see  below). 

What  has  been  stated  cannot  be  applied  to  the  human  body, 
because  in  it,  on  account  of  the  presence  of  a  quite  considerable  natur 
al  resistance  to  tularemia,  vaccination  leads  to  the  production  of  im¬ 
munity  which  is  many  times  greater  than  that  of  guinea  pigs  or  white 
mice. 

Vaccinated  guinea  pigs  or  white  mice,  after  being  infected 
with  a  virulent  culture,  sometimes  remain  bacterial  carriers  for  a 
long  time.  For  example,  in  the  regional  lymph  nodes  of  various  guint 
pigs  it  was  possible  to  find  virulent  tularemia  bactcxia  eight  months 
(the  observation  period)  after  infection  (R.  A.  Savel'ytsva),  whereas 
in  white  mice  they  are  found  up  to  100  days  (N.  A.  Gayskiy,  1948). 
Even  longer  periods  of  preservation  of  a  virulent  tularemia  bacteria 
in  the  bodies  of  occasional  vaccinated  white  mice  (up  to  11-1/2  monthc 
have  been  reported  by  N.  D.  Altareva  and  Ye.  P.  Potapova  (1957). 
With  the  aim  of  detecting  the  pathogen  in  the  mice  the  authors  resortc< 
to  provocation  by  the  subcutareous  injection  of  10  percent  ethyl  alcoho 
into  the  animals.  Unfortunately,  the  authors  did  not  mention  the  activ 
ity  of  the  vaccine  which  they  used  for  creating  immunity  in  the  mice 
or  which  doses  of  it  were  used.  In  the  experiments  of  T.  N.  Dunayev; 
white  mice  immunized  subcutaneously  with  a  vaccine  NUEG  culture 
and  infected  after  a  month  (also  subcutaneously)  with  doses  of  1,000 
and  100,000  microbes  of  a  virulent  strain,  were  free  of  virulent  bac¬ 
teria  25-35  days  after  infection.  After  injection  of  a  dose  of  100 
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microbes  the  mice  were  rid  of  the  pathogen  by  the  I5th-20th  day*  whic  1 
was  evidenced  by  the  negative  results  of  biological  tests  of  investigation 
of  mouse  organs. 

The  duration  of  immunity  after  injecting  living  vaccine  dif¬ 
fers  in  different  species  of  animals.  In  white  mice  the  immunity  was 
preserved  three  months,  but  as  early  as  after  four  months  the  majoritr 
of  animals  dies  after  a  test  infection  with  a  virulent  culture  (N.  A.  Gay 
skiy  and  coauthors,  1947).  In  guinea  pigs  immunity  after  vaccination 
is  preserved  longer  than  in  mice.  N.  A.  Gayskiy  and  co-workers 
(1947)  define  the  duration  of  immunity  in  guinea  pigs  as  averaging  10 
months,  whereas  by  the  15th  month  immunity  is  preserved  in  only  60 
percent  of  the  animals.  According  to  the  data  of  I.  S.  Tinker  and  T.  I, 
Puchkov  (1948),  I.  N.  Mayskiy  (1953)  and  V.  A.  Yudenich  (1954),  vac¬ 
cinated  guinea  pigs  remain  immune  (to  infection  with  a  virulent  culture ) 
for  a  year,  and  in  part  of  the  cases  even  longer.  In  the  experiments  0: 
A.  L.  Matskevich  (1952),  four-seven  months  after  vaccination  only  50 
percent  of  the  animals  were  immune,  and  in  the  experiments  of  T.  A. 
Kalitina,  L.  S.  Matveyets  and  K.  N.  Shlygina  five-six  months  after 
vaccination  60-70  percent  of  the  animals  were  immune.  The  differences 
in  the  time  of  immunity  in  the  guinea  pigs  in  experiments  of  the  first 
and  second  groups  of  these  authors  apparently  should  be  related  to  the 
difference  in  the  virulence  of  the  strains  used  for  test  infection  of  the 
animals. 

Strength  and  duration  of  immunity  in  laboratory  animals  in¬ 
fected  with  a  virulent  culture  after  preceding  vaccination  are  much 
greater  than  in  animals  injected  with  the  vaccine  alone.  White  mice 
subjected  to  this  double  influence  withstand  the  infection  with  a  dose  ol 
1,000,000,000  microbes  of  a  virulent  culture  at  the  height  of  develop- 
;  ment  of  immunity,  and  after  20-30  days  in  the  majority  of  cases  it  is 
j  no  longer  possible  to  find  tularemia  bacteria  in  their  organs.  This  cap 
I  serve  as  an  indication  of  the  fact  that  the  higher  the  level  of  the  immui  1- 
,  ity  attained  the  more  vigorously  this  sterilizing  effect  is  manifested, 
j  Experiments  on  guinea  pigs  also  show  that  after  the  effect  of  a  vaccine 
j  and  then  of  a  virulent  culture  on  the  bodies  of  these  animals  immunity  j 
:  of  much  greater  strength  is  produced  in  them  than  after  the  effect  of  ai 
|  vaccine  culture  alone.  Guinea  pigs  subjected  to  this  double  influence  I 
.  preserve  their  immunity  completely  after  a  year, and  after  infection  j 
j  with  100  MLCD  of  a  virulent  strain  they  practically  do  not  become  sick 
with  tularemia  (T.  A.  Kalitina).  After  Intr&dermal  injection  of  a  dos« 

1  of  10,000,000  MLCD  into  such  highly  immune  guinea  pigs  a  local  skin 
;  reaction  develops  in  them  similar  to  the  Koch  phenomenon,  without  a 
general  temperature  reaction,  and  inflammatory  changes  are  also  not  d 
in  the  regional  lymph  nodes.  With  a  small  infective  dose  (i0  MLCD) 
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the  pathogen,  as  a  rule,  is  not  found  in  the  bodies  of  immune  guinea 
pigs  further  than  the  regional  lymph  nodes;  with  a  large  dose  (10,000,000| 
MJLCD)  it  partially  penetrates  into  the  parenchymatous  organs  but  is 
found  there  in  very  small  quantities  (R.  A.  Savel'yeva).  Histological 
study  of  the  organs  of  these  guinea  pigs  showed  specific  inflammatory 
changes  in  the  regional  lymph  nodes  which  were  more  markedly  ex¬ 
pressed  in  animals  infected  with  a  large  dose,  whereas  the  tissues  of 
the  internal  organs  --  spleen,  liver,  etc.  --  were  normal  as  a  rule 
(A.  P.  Gindin).  These  data  demonstrate  the  high  degree  of  protection 
of  the  immune  organism  to  reinfection  by  the  parenteral  route.  In 
people  living  tularemia  vaccine  produces  a  quite  rapid  formation  of 
immunity.  The  practice  of  work  of  our  laboratory  shows  that  the  inocji- 
lees  (percutaneously)  can  be  permitted  to  work  freely  with  infectious 
j  material  two  weeks  after  vaccination  if  there  is  a  skin  allergic  reac¬ 
tion  to  the  injection  of  the  usual  dose  of  tularin.  These  observations 
include  more  than  20  inoculees.  According  to  observations  in  foci  of 
tularemia  the  appearance  of  new  cases  of  tularemia  stops  no  later  thai 
10-12  days  after  percutaneous  vaccination  (B.  Ya.  El'bert  and  coauth¬ 
ors,  1947;  V.  S.  Sil'chenko,  1953),  which  indicates  the  time  of  produ: 
tion  of  immunity  of  adequate  strength.  This  problem  will  be  analyzed 
in  greater  detail  in  Chapter  X. 

After  vaccination  of  people  immunity  of  greater  strength  i^ 
created  and  it  is  preserved  for  a  longer  time  than  in  guinea  pigs  or 
white  mice,  which  should  be  related  to  the  more  perfect  protective 
j  mechanisms  of  the  human  body  against  tularemia  by  comparison  with 
those  of  the  animals  mentioned  above,  which  possess  too  great  a  sensi¬ 
tivity  to  this  infection.  In  people  who  have  recovered  from  tularemia  ! 
immunity  is  elaborated  of  even  higher  strength  than  in  those  vaccinated 
This  may  be  judged  by  the  more  active  immunological  reactions  as  we)l 
J  as  by  the  greater  duration  of  immunity  in  those  who  have  had  the  dis¬ 
ease  than  in  inoculees.  However,  in  those  inoculated  the  strength  of 
;  immunity  is  quite  adequate  to  protect  against  disease  occurring  from 
|  infection  under  ordinary  epidemic  conditions  and,  as  practice  has 
|  shown,  immunity  at  this  level  can  be  maintained  in  the  majority  of  ir  - 
oculees  for  five-six  years  or  longer  (sec  Chapter  X). 
j  Other  Methods  of  Vaccination.  As  is  well  known,  in  prac-* 

ticc  the  most  common  method  now  is  the  percutaneous  method  of  vac- 
I  cination  against  tularemia.  Aside  from  the  simplicity  of  its  applica¬ 
tion  its  important  advantages  are  the  following:  1)  the  possibility  of 
!  recording  accurately  the  "take"  of  the  vaccin«  according  to  the  skin 
j  changes  and,  by  the  same  token,  checking  on  the  quality  of  the  inocula|- 
j  tions  given;  2)  the  safety  of  the  method  in  the  case  of  an  error  in  dos-J 
age.  Nevertheless,  along  the  line  of  theoretical  studies,  data  obtain e|l 
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in  experiments  on  laboratory  animals  on  the  elucidation  oi  the  charac 
teristics  of  the  vaccine  process  after  other  methods  of  injecting  the 
vaccine,  such  as  aspiration,  intranasal  and  alimentary,  deserve  atten 
tion. 

In  the  experiments  of  R.  A.  Savel'yeva  and  G.  P.  Uglovoy 
on  guinea  pigs  the  possibility  was  shown  of  creating  immunity  in  ani¬ 
mals  by  means  oi  the  aspiration  administration  oi  tularemia  vaccine 
(spraying  the  suspension  in  the  form  of  a  mist  in  a  special  chamber). 
Thereby,  considerable  sensitivity  of  guinea  pigs  to  pulmonary  adminis* 
tration  of  vaccine  was  noted  --  a  dose  of  10,000,000  microbes  was 
lethal  for  a  considerable  number  of  the  experimental  animals,  which 
died  with  signs  of  total  pneumonia  (red  hepatization  of  almost  all  the 
lobes  of  the  lungs),  the  specificity  of  which  was  shown  by  isolation  of 
the  original  vaccine  culture.  Aspiration  of  a  dose  of  100,000  microbeu 
of  the  vaccine  was  tolerated  by  the  guinea  pigs,  but  three -four -day  fev¬ 
er  and  a  temporary  delay  in  weight  gain  were  observed.  To  date  it  h&n 
been  considered  firmly  established  that  a  vaccine  culture  is  avirulent 
for  guinea  pigs  in  doses  under  1,000,000,000  microbes,  but  this  opin¬ 
ion  is  based  on  data  of  subcutaneous  or  other  methods  of  injection,  witi 
{respect  to  which  the  body  is  better  protected. 

Guinea  pigs  vaccinated  by  aspiration  withstood  subcutane¬ 
ous  and  intr&derrnal  infection  with  maseive  doses  (10,000  and  1,00^000 
microbes)  of  the  virulent  503  strain  on  checking  the  immunity  two 
months  a£«.er  vaccination  in  the  great  majority  of  cases;  they  withstood 
aspiration  infection  less  well,  and  as  a  result  cf  it  survival  of  the  guln  • 
ea  pigs  was  noted  only  after  a  dose  of  100  I/. LCD,  whereas  when  the 
dose  was  increased  the  guinea  pigs  died  of  tularemia  in  the  majority 
of  cases  (Table  27).  I 

j  Data  presented  in  Table  27  clearly  snow  the  inadequate  prd- 

|  tcction  of  the  immune  organism  against  pulmonary  infection  with  a  vir r 
ulent  culture  as  the  result  of  the  special  vulnerability  of  the  pulmonar  r 
tissue.  In  other  experiments  of  R,  A.  Savel’yeva  and  G,  P.  Dglcvoy 
it  was  noted  that  guinea  pigs  vaccinated  by  the  pulmonary  route  are  re¬ 
sistant  to  aspiration  infection  with  a  virulent  culture  to  approximately 

■  the  same  degree  as  guinea  pigs  immunised  subcutaneously  or  intra-  1 

1  dermally.  j 

j  In  the  experiments  of  B.  Ya.  El'bert  and  T.  L  Puchkova  j 

j  (see  Puchkova,  1948)  and  then  of  M1.  M.  KicvcP  (1953)  in  guinea  pigs  t 

the  possibility  was  shown  of  immunization  of  the  animals  by  means  of  j 
{  instillation  of  a  suspension  of  tularemia  vaccine  into  their  nostrils,  j 
!  M.  M.  Kirvel*  could  not  find  any  notable  difference  in  the  production  ‘ 

•  of  Immunity  and  in  its  strength  as  shown  by  subsequent  infection  with  j 

■  a  dose  of  1,000  MLD  of  a  virulent  culture  in  the  comparative  opgrimont 


Table  27 

Strentn  of  Immunity  to  Subcutaneous,  Intrade rm&l  and  Aspiration  Infec 
tion  witb  a  Virulent  Culture  (503)  in  Guinea  Pigs  Vaccinated  by  Aspira 
tion  One -Two  Months  after  the  Vaccination  (data  of  R.  A.  Savel'yeva 

and  G.  P.  Uglovoy) 
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jof  percutaneous  and  intranasal  vaccination  of  guinea  pigs  with  whole  I 
!  vaccine  and  vaccine  diluted  10,  100,  1,000  and  10,000  times.  However, 
|M.  M,  Kirvel1  pointed  out  that  she  "is  not  in  favor  of  recommending 
•  intranasal  utilisation  of  the  vaccine  instead  of  percutaneous",  consider¬ 
ing  possible  cases  of  inflammatory  reactions  in  the  lymph  nodes  of  the 
cervical  ring  or  chest. 

I  Tho  alimentary  method  of  vaccination  in  tularemia  was 

, studied  experimentally  by  B.  Ya.  El’bert  (1945)  and  then  by  I.  F.  Mik¬ 
haylov  (1952).  In  experiments  on  guinea  pigs  the  latter  made  it  clear 
| 'that  the  animals  have  to  be  given  much  more  vaccine  for  successful  J 
|  alimentary  immunisation  than  for  subcutaneous  immunization,  but  cvep 
I  such  a  massive  dose  as  100,000,000  microbce  «.s*urcs  immunity  of 
adequate  strength  in  only  90  percent  of  the  animals.  Such  a  result  eaq- 
jnot  be  considered  happenstance,  because  it  i«  well  known  that  after  th^ 

| alimentary  administration  of  tularemia  bacteria  survival  of  them  is  [ 
{interfered  with  by  the  bactericidal  effect  of  gastric  juice  (K.  A.  Savel*- 

1^56). _ _ _ _ _ j 
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None  of  the  methods  of  administering  the  vaccine  analyzed  j 
has  any  advantages  over  the  percutaneous  method  with  regard  to  the 
immunizing  effect,  and  the  alimentary  method  is  even  inferior  to  it. 

The  aspiration  method  of  vaccination  proved  to  be  dangerous  in  cases 
of  overdosage  of  the  vaccine  and  difficult  to  use.  The  intranasal  methj- 
od  cannot  be  considered  safe  either  if  we  consider  the  ease  of  over¬ 
dosage  from  instillation  of  the  vaccine  into  the  nose.  We  share  entire] 
ly  the  opinion  of  M.  M.  Kirvel'  presented  above  and  her  arguments 
against  the  use  of  the  intranasal  method  for  the  vaccination  of  people. 

An  essential  defect  of  all  three  methods  of  application  of  the  vaccine 
which  we  analyzed  is  also  the  fact  that  they  do  not  submit  readily  to  obj- 
servation  of  the  success  of  the  inoculation.  Therefore,  of  all  the  pos¬ 
sible  methods  the  percutaneous  method  of  vaccination  against  tularemia. 

’  proposed  by  B.  Ya.  El'bcrt  is  the  best  with  respect  to  being  practical 
and  safe  to  use  and,  at  the  same  time,  is  highly  effective  in  relation  t(| 
the  various  modes  of  infection  under  ordinary  epidemic  conditions. 

Revaccination.  As  is  well  known,  a  second  effect  on  the 
body  with  the  bacterial  antigen  usually  ’'“ads  to  an  intensification  of  th^ 
immunological  reactions  and  immunity.  Increase  in  the  resistance  is 
manifested  particularly  sharply  in  case  the  repeated  effect  is  accom¬ 
plished  during  the  period  of  subsidence  of  the  protective  reactions  oc¬ 
curring  as  the  result  of  the  previous  immunization.  This  problem  has 
been  particularly  well  studied  with  respect  to  bacterial  toxins,  and  ap¬ 
propriate  schemes  of  repeated  inoculations  are  widely  used  in  practice. 
With  respect  to  living  vaccines,  including  tularemia  vaccine,  this  prob¬ 
lem  has  been  inadequately  studied;  however,  clarification  of  this  prob¬ 
lem  is  of  indubitable  interest  for  practical  immunology. 

In  the  experiments  of  A.  L,  Matskevich  (1952)  in  guinea 
pigs  it  was  determined  that  revaccinated  animals  have  a  more  pro- 
Jnounced  immunity  and  better  withstand  infection  with  a  virulent  strain 
i  than  vaccinated  animals.  The  author  vaccinated  and  revaccinated  guii^ 
j  ea  pigs  percutaneously,  using  liquid  egg  yolk  vaccine  and  dry  vaccine 
of  the  NIIL'G  type.  Revaccination  was  accomplished  in  the  guinea  pigs 
six-21  months  after  vaccination,  at  which  t*me  the  immunological  re- 
!  actions  (allergy,  agglutination)  were  in  the  period  of  subsiding,  while 
the  test  infection  with  a  virulent  strain  was  given  one-and-a-half-fourf 
seven  months  after  revaccination.  Similar  experimental  results  In  j 
guinea  pigs  were  obtained  in  our  laboratory  by  L.  S.  Matveyets  (I960),]. 
The  author  used  shorter  revaccination  periods  (two-four  months  after 
vaccination)  and  injected  the  vaccine  intrade rmally.  With  an  infection] 
given  by  way  of  checking  the  immunity  to  a  virulent  culture  one-three 
months  after  revaccination  a  clinically  overt  disease  was  observed  in 
only  a  few  animals,  but  in  the  majority  of  cases  this  ended  in  recovery’, 
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in  contrast  to  the  control  group  o £  guinea  pigs  {vaccinated  cnce),  which 
suffered  notably  more  from  the  infection,  and  some  guinea  pigs  died  o: 
tularemia.  In  the  experiments  of  the  same  author  guinea  pigs  revac¬ 
cinated  twice  (at  an  interval  of  two  months)  showed  an  even  greater  im¬ 
munity  to  infection  with  a  virulent  culture  than  animals  revaccinated 
once.  However,  this  immunity  did  not  reach  the  degree  which  charac¬ 
terizes  immunity  in  guinea  pigs  which  have  been  infected  with  a  virulent 
culture. 

After  revaccination  of  people  in  whom  a  strong  immunity 
still  exists  (after  vaccination),  the  skin  reaction  at  the  injection  site  o:; 
the  vaccine  usually  appears  24  or  48  hours  later  and  is  basically  of  an 
allergic  character,  However,  a  vaccine  process  from  the  partial  sur-j 
vival  and  multiplication  of  the  vaccine  may  be  partly  superimposed  on 
the  allergic  reaction  (M,  F.  Shrnuter,  1953;  G.  P.  Uglovoy,  1953,  anjd 
others).  In  this  case,  in  the  revaccinated  persons  an  increase  is  noteji 
in  the  immunological  reactions,  specifically  an  increase  in  the  agglutin¬ 
ation  titer  of  serum  as  well  as  a  prolongation  of  the  duration  of  the  im  - 
m  unity. 

With  the  revaccination  immune  persons  the  accompany¬ 
ing  reactions  were  usually  noted  more  frequently  than  after  vaccina¬ 
tion  (G.  P.  Uglovoy,  1953;  V.  A.  Yudenich,  1954).  This  phenomenon 
should  be  attributed  to  sensitization  of  the  immune  organism  to  the 
tularemia  antigen.  In  persons  who  have  completely  lost  their  immun¬ 
ity  at  the  time  of  revaccination  inoculation  1b  associated  with  the  deve]  - 
opment  of  a  vaccine  process  which  occurs  at  the  same  time  and  with 
the  same  intensity  as  in  persons  being  immunized  for  the  first  time  j 
(V.  A.  Yudenich,  1954;  L.  S.  Matveyets,  I960).  As  far  as  can  be 
judged  by  immunological  reactions,  immunity  in  these  persons  return^ 
j  to  the  level  reached  at  the  time  of  the  first  vaccination.  These  prob- 
j  lems  will  be  analyzed  in  greater  detail  in  Chapter  X. 

;  Associated  Vaccination.  Because  inoculations  against 

I  tularemia  frequently  are  conducted  in  localities  in  which  the  population 
i  is  subject  to  vaccination  against  other  common  infectious  diseases  the| 

I  problem  arises  of  the  development  of  associated  vaccines,  which  can 
;  considerably  simplify  the  inoculation  measures.  The  possibility  of 
I  using  associated  living  vaccines  (with  inclusion  of  the  tularemia  vac-  j 
cine)  was  first  pointed  out  by  B.  Ya.  El'hert  (1945)  on  the  basis  of  ex-j 
periments  of  simultaneous  percutaneous  vaccination  of  guinea  pigs 
against  tularemia  and  smallpox.  Associated  vaccination  simultaneous¬ 
ly  against  tularemia,  smallpox,  tetanus  and  the  group  of  intestinal 
diseases  is  reported  by  V,  G„  Akimenko  (1949);  the  author  performed 
j  experiments  on  rabbits  and  guinea  pigs;  however,  the  details  of  the 
investigation  made  were  not  published. 
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j  Simultaneous  vaccination  against  tularemia  and  brucellosis 

vas  subjected  to  a  very  detailed  study  experimentally.  Experiments 
on  guinea  pigs  showed  that  after  subcutaneous  or  percutaneous  vaccina- 
tion  with  a  mixture  of  tularemia  and  brucellosis  vaccines  the  local  and 
general  reactions  do  not  exceed  those  in  control  guinea  pigs  inoculated 
with  a  single  vaccine.  Both  vaccines  in  the  mixture  produce  corres¬ 
ponding  immunological  reactions  in  the  guinea  pig  organism  (skin  al¬ 
lergy,  antibodies)  as  well  as  the  production  of  an  immunity  of  adequat< 
strength  both  to  tularemia  and  brucellosis,  which  is  not  particularly  in¬ 
ferior  in  any  way  to  that  produced  when  the  vaccination  is  given  with 
each  vaccine  separately  (V.  G.  Pilipenko  and  coauthors,  1955,  1956; 

Ye.  A,  Gubina,  1957;  K.  N.  Shlygina,  1958,  and  others),  in  tests 
made  on  people  harmlessness  and  good  acceptability  (by  the  skin  inocu- 
jlation  test)  and  immunogenicity  (by  seroallergic  tests)  of  the  associated 
vaccine  were  found  against  tularemia  and  brucellosis  (R.  S.  Amanzhu  • 
lov,  1956;  R.  S.  Amanzhulov  and  M.  M.  Rementsova,  1958;  Ye.  A. 
Gubina  and  G.  P.  Uglovoy,  1958,  and  others).  In  experiments  on  guin¬ 
ea  pigs  the  possibility  was  shown  of  simultaneous  immunization  with 
living  vaccines  against  tularemia  and  plague  (N.  F.  Kalacheva,  1958) 
as  well  as  against  tularemia,  brucellosis  and  plague  (N.  K.  Verenin- 
ova  and  coauthors,  1958;  V.  G.  Pilipenko  and  coauthors,  1959)  but 
not  against  tularemia  and  anthrax.  The  production  of  immunity  to  this 
latter  infectious  disease  was  definitely  depressed  with  associated  vac¬ 
cination. 

What  has  been  presented  indicates  the  promise  of  study 
and  practical  testing  of  associated  living  vaccines.  Specifically,  after  - 
tion  should  be  directed  to  the  possibility  of  making  up  combined  vac-  [ 
j  cine 8  with  inclusion  of  tuberculosis  vaccine.  j 

I  Vaccination  Under  Conditions  of  Radiation  Injury  or  Other, 

i  Effects  (Experimentally).  In  the  experiments  of  R,  A.  Savel'yeva  on 
J  white  mice  it  was  determined  that  irradiation  of  the  animals  with  a 
*  dose  of  350  r  markedly  aggravates  the  course  of  vaccine  tularemia, 
j  When  the  climax  of  radiation  sickness  coincides  with  the  vaccine  proc  • 

)  ess  being  produced  by  a  dose  of  10,000  microbes  of  the  15-reconstit- 
uted  strain  all  the  experimental  mice  die.  If  radiation  injury  occurs  at 
the  end  of  the  vaccine  process,  part  of  the  mice  survive,  and  immunity 
I  is  found  in  them  which  is  adequate  to  withstand  subcutaneous  infection 
j  with  1,000  MLCD  of  a  virulent  tularemia  strain.  Aggravation  of  the  j 
vaccine  process  in  mice  with  radiation  sickness  was  also  noted  in  his 
experiments  by  A.  S.  Shevelev  (1958).  According  to  the  data  of  R.  A, 
j  Savel'yeva,  irradiation  of  guinea  pigs  with  a  dose  of  200  r  did  not  ag- 
|  gravate  the  course  of  the  vaccine  process,  but  in  the  animals  a  par- 
|  tial  depression  of  immunological  reactions  was  noted,  and  a  ocneidcrahle 
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part  of  the  guinea  pigs  died  of  tularemia  on  test  infection  with  a  viru¬ 
lent  culture.  In  experiments  of  V.  M.  Zhidovtsev  (1958)  a  notable  re¬ 
duction  of  agglutination  titers  of  the  serum  after  x-ray  irradiation  of 
the  animals  was  noted  in  rabbits  and  guinea  pigs  immunized  with  livinj 
tularemia  vaccine.  M.  P.  Tereshchenko  noted  a  marked  aggravation 
of  vaccine  tularemia  in  white  mice  under  the  influence  of  cortisone. 

N.  K,  Vereninova  and  N.  F.  Kalacheva  (1954)  noted  an  intensification 
of  the  immunizing  effect  of  tularemia  vaccine  with  simultaneous  injec¬ 
tion  of  hyaluronidase  in  experiments  on  mice,  and  M.  M.  Faybich 
(1959)  found  the  same  effect  from  inoculation  of  mice  with  a  vaccine 
suspension  in  0. 2  percent  agar  solution  as  well  as  in  a-solution  of  one 
percent  gelatin  and  other  colloids. 

Immunity  from  the  Injection  of  Killed  Corpuscular  and  Chemical  Vaccines 

(The  reader  can  become  acquainted  in  greater  detail  with 
Soviet  work  prior  to  1952  done  on  killed  tularemia  vaccines  in  the  moz 
ograph  of  I.  N.  Mayskiy  (1953)). 


Clarification  of  the  immunizatory  effect  of  tularemia  bac¬ 
teria  killed  by  one  method  or  another  for  a  long  time  attracted  the 
main  attention  of  research  workers.  However,  as  is  well  known,  this 
trend  did  not  bring  any  perceptible  practical  result  in  the  form  of  a 
preparation  which  would  assure  effective  immunization  of  people 
against  tularemia.  Nevertheless,  we  consider  it  useful  to  discuss 
briefly  the  main  stages  of  the  work  done  and  the  current  status  of  this 
1  problem,  considering  the  fact  that  interest  in  the  study  of  "chemical" 

!  vaccines  is  continuing,  particularly  in  the  United  States. 

I  Killed  corpuscular  vaccines  obtained  by  means  of  inactiva 

j  tion  of  virulent  bacteria  by  heating,  treating  with  phenol,  formalin 
!  and  other  substances  as  well  as  lysates  from  bacteria  have  proved  to 
j  be  practically  ineffective  on  testing  in  such  animals  highly  sensitive  t< 

1  tularemia  as  white  mice  and  guinea  pigs  (Francis,  1929;  B.  Ya.  El'- 
j  bert  and  N.  A.  Gayskiy,  1941;  N.  K,  Vereninova  and  coauthors,  1943 
j  N.  D.  Altareva,  1949).  Good  immunization  results  in  guinea  pigs  anc* 
j  white  mice  with  phenol  and  formalin  vaccines  were  reported  by  Kudo  I 
I  (1934),  but  the  value  of  his  experiments  is  very  relative,  because  im-j 
j  munity  in  the  experimental  animals  was  checked  by  means  of  infection| 
1  with  partially  attenuated  strains  of  B,  tularense  ^in  this  text  actually  1 
j  F.  tularensis  is  the  term  usec(7.  This  comment  should  be  made  also  ! 
with  respect  to  the  first  works  on  killed  vaccines  by  Soviet  investigate 
ors  G.  Ya.  Sinay  (1935)  as  well  as  L.  M.  Khatenever  and  L.  A.  Lev¬ 
chenko  (1935,  1938), 
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Some  authors  (Downs  and  others,  1947;  Coriell  and  co¬ 
authors,  1947)  used  a  culture  of  B.  tularense  in  the  yolk  sa.ee  of  chick 
embryos  for  the  purpose  of  obtaining  an  antigen  and  for  preparing 
killed  vaccines,  believing  that  the  vaccine  can  be  more  effective  when 
J  made  of  bacteria  grown  in  living  tissues  than  when  coming  from  a  cul¬ 
ture  on  synthetic  nutrient  medium  which,  however,  was  not  confirmed 
in  experiments.  In  testing  some  killed  vaccines  on  domestic  rabbits 
results  which  were  partially  positive  were  obtained  in  the  immunizatioa 
of  the  animals  to  subsequent  infection  with  a  virulent  culture  (B.  Ya. 
El'bert  and  N.  A.  Gayskiy,  1941;  P.  N.  Burgasov,  1951,  and  others)  . 

Foshay  (1950),  who  did  considerable  work  on  the  problem 
of  vaccine  prophylaxis  of  tularemia  and  who  proposed  a  "nitrogen"  vac¬ 
cine,  noted  the  uselessness  of  laboratory  testing  of  vaccines  on  exper¬ 
imental  animals  which  do  not  have  a  natural  resistance  to  tularemia 
(that  is,  white  mice,  guinea  pigs,  etc.)  and  the  suitability  of  white 
rats  for  this  purpose.  The  possibility  of  immunization  of  white  rats 
with  killed  vaccines  is  also  pointed  out  by  Larson  (1945)  and  Downs  and 
coauthors  (1947).  In  the  American  literature  the  results  of  testing 
killed  corpuscular  vaccines  on  people  were  published  in  the  works  of 
FoBhay  and  coauthors  (1942),  Kadull  and  coauthors  (1950)  and  others; 
however,  the  prophylactic  effectiveness  of  the  vaccines  tested  was  low. 
Among  the  Soviet  authors  killed  vaccine  was  tried  out  on  people  by  L. 
M.  Khatenever  and  coauthors  but  also  with  a  slight  effect.  For  more 
details  on  this  subject  see  the  next  Chapter. 

•  Along  with  killed  corpuscular  vaccines  or  lysates  of  them 
a  study  was  also  made  of  the  immunizing  properties  of  antigenic  com¬ 
plexes  extracted  chemically  from  $nmicrobe.  I.  N.  Mayskiy  (1953) 
points  out  the  successful  vaccination  of  guinea  pigs  with  complete  anti^ 
gen  obtained  by  G.  K,  Shipitsina  from  a  virulent  culture  by  the  Boivin 
j  method.  After  triple  immunization  the  animals  withstood  infection 
■  with  1,000  MLD  of  a  virulent  strain  of  B.  tularense.  The  immunizing 
j  effect  of  the  whole  antigen  in  experiments  on  guinea  pigs  is  also  re- 
j  ported  by  G.  K.  Shipitsina  (1955).  She  obtained  the  best  results  from 
j  subcutaneous  injection  of  the  preparation  in  a  lanolin  depot.  Data  on 
the  chemical  composition  of  the  antigen  are  reported  in  Chapter  III.  I 
!  In  the  experiments  of  I.  S.  Tinker  and  coauthors  (1955)  rabbits,  guine^. 
j  pigs  and,  partly,  white  mice  immunized  intrade rmally  with  the  whole  I 
i  antigen  extracted  from  a  tularemia  culture  by  the  Boivin  method,  j 
showed  resistance  to  infection  with  doses  of  a  virulent  culture  of  B. 

1  tularense  known  to  be  lethal.  The  protection  of  the  animal  organism 
!  conferred  by  the  whole  antigen  was  brief;  for  example,  guinea  pigs 
:  lost  immunity  three  months  after  vaccination.  Bell  and  coauthors 
|  (1952)  as  well  as  Ormsbee  and  coauthors  (1955)  immunized  white  mic« 
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with  an  antigen  soluble  in  physiological  saline  solution  which  was  ex¬ 
tracted  from  virulent  bacteria  by  the  Larson  method  (extraction  in  the 
presence  of  sulfuric  ether)  and  then  subjected  to  purification  and  con¬ 
centration  (for  more  details  see  Chapter  IQ).  After  a  single  or  doublef 
subcutaneous  immunization  with  this  preparation  the  majority  of  white 
mice  withstood  a  test  infection  with  one-1,000  MLCD  of  strains  with 
reduced  virulence  for  rabbits  (with  respect  to  pathogenicity  for  rabbit^ 
these  strains  were  approximately  the  same  as  Soviet  strains  but  they 
were  fully  virulent  for  white  mice  and  guinea  pigs  (LD50  =  one  bacteil 
ium)),  whereas  the  immunity  of  the  mice  to  the  fully  virulent  Americap. 
strains  was  inadequate ,  and  the  animals  died  of  tularemia. 

The  slight  immunizing  effect  of  the  antigen  obtained  by  the 
Larson  method  was  noted  in  experiments  on  white  mice  by  A.  I.  Belkiji 
and  Ye.  A.  Petrosyan  (1953).  According  to  the  data  of  O.  S.  Yemel'- 
yanova,  the  antigen  from  virulent  bacteria  obtained  by  G.  K.  Shipitsin^. 
by  the  Larson  method  possessed  slight  immunogenic  properties  in  ex-] 
periments  on  white  mice  but  the  preparation  proved  to  be  effective 
enough  for  the  immunization  of  white  rats  after  a  single  injection  to 
protect  the  animals  against  death  from  infection  with  1, 000, 000, 000 
microbes  of  the  virulent  503  strain. 

In  summary,  it  may  be  noted  that  the  results  of  testing  of 
the  antigenic  complexes  on  laboratory  animals  and  particularly  on  tha» 
models  sensitive  to  tularemia  such  as  white  mice  and  guinea  pigs  werp 
somewhat  better  in  a  prophylactic  respect  than  the  killed  corpuscular 
vaccines,  which  indicates  a  certain  degree  of  progress  in  the  general 
development  of  this  problem.  The  immunizing  effect  of  vaccines  of 
this  type  could  be  increased,  evidently,  by  more  complete  extraction 
of  the  Vi  antigen  from  the  microbes  and  less  denaturation  of  it  as  well 
as  by  greater  concentration  of  it  in  the  preparation  used  for  immuniz¬ 
ing  animals.  Thus,  in  the  experiments  of  Bell  and  Larson  and  co¬ 
authors  with  a  single  immunization  of  mice  a  quantity  of  antigen  was 
used  which  had  been  extracted  from  one  milligram  of  dry  bacteria, 
j  which  is  approximately  equal  to  5,000,000,000  microbes  (according 
j  to  the  GKI  standard).  This  quantity  far  exceeds  the  doses  which  were 
1  given  to  white  mice  in  the  form  of  corpuscular  vaccines  in  the  cxperi4 
j  ments  of  authors  quoted  above, 

j  The  development  of  ’'chemical"  vaccines  cannot  be  consid 

j  ered  complete,  and  methods  of  obtaining  them  cannot  be  considered 
•  exhausted.  This  trend  should  attract  the  attention  of  workers  further 
■  It  should  be  noted  only  that  all  the  antigens  obtained  so  far  in  the  lab- 
j  oratory  experiment  are  clearly  inferior  to  the  living  vaccine  in  their 
i  effectiveness, without  mentioning  the  incommensurate  simplicity  of  j 
j  using  the  latter  in  people  because  of  the  percutaneous  method  of  appli|» 
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cation  and  the  fact  that  only  one  injection  is  needed.  It  is  very  possible 
that  the  reduced  immunizing  activity  of  killed  vaccines  is  associated 
with  the  fact  that  in  the  antigenic  substances  existing  in  them  the  col¬ 
loidal  state  is  disturbed  to  one  degree  or  another.  Conversion  of  the 
antigens  to  complete  colloidal  compounds  would  probably  increase  the( 
immuno  genic  ity. 

Passive  Immunity 

Study  of  the  protective  properties  of  antitularemia  immune* 
sera  was  conducted  abroad  and  in  the  USSR  and  had  the  aim  of  develop 
ing  therapy  for  tularemia.  This  study  has  not  given  the  proper  prac¬ 
tical  result  and  now  has  been  abandoned,  particularly  in  connection 
with  the  appearance  and  clinical  application  of  such  powerful  therapeut¬ 
ic  measures  as  antibiotics,  which  have  proved  to  be  highly  effective 
against  tularemia  also.  ! 

Experimental  investigations  conducted  have  shown  that  in 
such  models  as  white  mice,  very  sensitive  to  tularemia,  it  is  very 
i  hard  to  demonstrate  the  protective  effect  of  immune  sera  (horse,  gc?»tj, 

I  ram,  rabbit),  with  the  exception  of  those  cases  in  which  infection  of. 
the  animals  is  accomplished  by  strains  of  B.  tularense  which  have  be^n 
attenuated  to  varying  degrees  (Kudo,  1934)  or  when  the  serum  is  irjecj- 
ted  simultaneously  with  a  very  small  infective  dose  of  bacteria  (B,  7a! 
El'bert  and  N.  A.  Gayskiy,  1941  j  N.  K.  Vereninova  and  coauthors, 
1943).  Experiments  on  guinea  pigs  were  also  unsuccessful  (N.  A. 
Popov,  1943;  I.  N,  Mayskiy,  1953),  Notably  better  results  were  ob¬ 
tained  from  testing  sera  on  animals  less  sensitive  to  tularemia  do¬ 
mestic  rabbits  (A.  A.  Miller  and  N,  K,  Grzhebina,  1937)  and  white  I 
rats  (Foshay  and  coauthors,  1947),  In  experiments  on  rabbits  B.  Ya. 

•  El'bert  and  N.  A,  Gayskiy  showed  the  possibility  of  extinguishing  the 
j  hyperergic  reaction  (Schwartzmaun  phenomenon)  as  well  afi  the  cutan4 
!  eous  necrotic  reaction  by  means  of  immune  serum.  The  antinecrotiq 
I  function  was  most  pronounced  in  the  sera  of  rabbits  which  had  Irad 
j  tularemia,  then  in  the  sera  of  rams,  and  then  horses.  The  absence  o 
J  bactericidal  and  bacteriostatic  properties  in  immune  sera  (B.  Ya.  El^- 
|  bert  and  N,  A,  Gayskiy,  1941;  N.  K,  Yereninova  and  A.  N,  KurshevA, 
1947)  clearly  shows  that  the  preventive  effect  of  sera,  in  contrast  to 
antibiotics,  can  be  expressed  only  in  those  cases  where  the  natural 
defensive  forces  of  the  macroorganism  arc  not  too  much  suppressed  I 
by  the  developing  infection.  Experiments  on  relatively  lesiatancc  rab¬ 
bits  and  white  rats  as  well  as  the  results  of  testing  on  j  soplc  (see  be¬ 


low)  confirm  this  well. 


Immune  sera  obtained  by  acting  on  animals  with  a  living  j 
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virulent  culture  were  more  effective  than  sera  obtained  by  means  of 
immunization  with  suspensions  of  killed  bacteria,  which  clearly  indi¬ 
cates  the  greater  antigenic  completeness  of  the  living  culture.  Rela¬ 
tively  modest  results,  obtained  by  the  majority  of  authors  in  the  test¬ 
ing  of  immune  sera  on  laboratory  animals,  did  not  stop  various  inves< 
tigators  from  attempts  at  using  serum  treatment  for  tularemia  in  peo*| 
pie.  This  occurred  until  antibiotics  appeared.  Abroad,  the  largest 
number  of  studies  on  serotherapy  of  tularemia  was  made  in  the  UnitedJ 
States  by  Foshay  (1932,  1940);  in  the  USSR  the  pioneers  in  this  trend 
were  A.  A.  Vol'ferts  and  V.  1.  Gorokhov  (1935);  later,  N.  A.  Popov 
(1940),  N.  K.  Grzhebina  (1941)  and  L.  K.  Denisenko  (N.  A.  Popov, 
1943).  Without  going  into  details,  we  should  like  to  note  that  with 
timely  (early)  application  immune  sera  in  a  number  of  cases  have  ex¬ 
erted  a  notable  therapeutic  effect, expressed  in  an  improvement  in  the 
patient’s  feeling  of  well-being,  shortening  of  the  febrile  period  and  lin| 
itation  of  the  local  inflammatory  process.  Foshay  (1940)  was  able  to 
note  a  reduction  in  the  mortality  rate  among  patients  treated  with  ser*| 
um. 


Immunological  Reactions  and  Their  Relation  to  Immunity 

The  immunizatory  process  in  tularemia  is  accompanied  b^f 
allergization  of  the  organism,  the  formation  of  specific  antibodies  andj 
the  increase  in  phagocyte  activity.  For  the  purpose  of  demonstrating 
allergic  reactivity  of  the  organism  the  allergic  skin  test  is  used.  With) 
the  aim  of  detecting  antibodies  usually  recourse  is  had  to  the  agglutin-j 
ation  test,  but  the  complement -fixation  test,  precipitation  test  and 
hemagglutination  test  can  also  be  used.  For  the  purpose  of  detecting 
opsonins  and  determining  the  activity  of  phagocytes  recourse  is  had 
to  the  opsonocytophagic  test  (see  Chapter  VIII).  The  development  of 
tests  by  means  of  which  the  antibodies  can  be  detected  in  the  immune 
organism  does  not,  however,  violate  the  principle  of  unity  of  these 
antibodies  (L,.  A,  Zil'ber,  1948). 

As  is  well  known,  in  various  infectious  diseases  the  inter 
relationstup  between  the  actual  state  of  immunity  and  the  immunologid 
al  reactions  observed  differs,  although  the  development  of  these  lattef 
arc  most  closely  connected  with  changes  in  the  body  occurring  under' 
the  influence  of  pathogenic  agents  or  their  activity  products.  In  the  ! 
opinion  of  B.  Ya.  El'bert  and  N.  A.  Gayskiy  (1941),  in  tularemia  the  j 
greatest  degree  of  correlation  is  found  between  immunity  and  allergy.) 
These  authors  have  repeatedly  emphasized  the  inseparable  connection! 
between  immunizing  and  ailergizing  properties  of  the  tularemia  pathot 
gen  with  the  leading  significance  of  the  H  component  of  the  microbe  J 
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cell  (that  is,  of  the  Vi  antigenic  complex).  Subsequent  investigators 
also  indicated  the  close  connection  between  allergy  and  immunity  in 
tularemia  (I.  N.  Mayskiy,  1953;  T.  A.  Kalitina,  1953;  V.  A.  Yuden- 
ich,  1954,  and  others).  Existing  data  on  the  development  of  the  aller 
gic  reactivity  ir  the  course  of  immunisation  as  demonstrated  by  the 
skin  test  show  that  this  reactivity  is  expressed  most  strongly  and  for 
a  long  time  in  the  organism  as  the  result  of  the  effect  of  a  virulent 
culture  on  it,  that  is,  by  the  strongest  and  most  complete  stimulus  in 
an  antigenic  respect;  however,  thereby  the  strongest  immunity  is 
attained.  A  more  moderate  and  somewhat  less  prolonged  aller^iza- 
tion  of  the  body  corresponds  to  a  relatively  weaker  and  less  prolonged 
immunity  produced  by  living  vaccine. 

According  to  the  data  of  T.  A.  Kal/.tina  (1953),  skin  aller¬ 
gic  sensitivity  in  those  guinea  pigs  which  have  recovered  from  tularem¬ 
ia  is  approximately  100  times  greater  than  in  those  immunized  with  the 
living  vaccine.  By  means  of  using  fractional  doses  of  ordinary  tularin 
this  author  established  the  fact  that  people  who  have  recovered  from 
tularemia  react  to  the  intrade rmal  injection  of  1/100,000  or  1/10,000 
of  the  dose  of  preparation,  whereas  those  immunized  with  living  vac¬ 
cine  react  to  1/1,000  of  the  dose,  but  in  a  number  of  cases,  to  1/100 
or  even  lesser  dilutions  of  tularin.  Such  considerable  differences  in 
the  allergic  skin  reactivity  between  those  people  who  have  recovered 
and  those  who  have  been  vaccinated  create  certain  difficulties  in  selec  - 
tion  of  the  preparation  which  would  not  cause  excessive  local  and  gen¬ 
eral  reactions  after  intradormal  injection  of  those  who  have  recovered, 
and  at  the  same  time,  would  be  fully  adequate  for  demonstrating  &ller|» 
gic  reactivity  in  those  vaccinated.  Percutaneous  application  of  the  at- 
I  lergen  with  an  appropriate  selection  of  the  effective  dose  solves  this  | 

I  problem  quite  satisfactorily.  j 

Killed  corpuscular  vaccines,  being  least  immunogenic,  del 
not  possess  allergizing  properties  (B.  Ya.  El'bert  and  N.  A,  Gayskiyt 
1941)  or  show  them  to  a  minimum  degree  (N,  D.  Alta  re  va,  1949).  In 
ascribing  great  importance  to  the  allergic  skin  test  as  an  index  of  im¬ 
munity  in  tularemia  N.  A.  Cayskiy  in  his  tests  on  people  with  living 
vaccine  used  this  reaction  as  a  basis  for  the  selection  of  the  v&ccinat- 
j  Ing  dose.  He  believed  that  in  tularemia  "allergy  and  immunity  follow 
*  each  other  as  a  shadow  follows  its  object"  (N.  A.  Gayskiy,  1946).  The 
t  close  connection  between  the  immunogenic  and  allergenic  properties 
of  the  tularemia  microbe  is  indubitable.  However,  as  has  been  noted 
[  in  Chapter  VXII  the  development  of  immunity  and  its  subsequent  pres- 
(  ervation  cannot  be  detected  in  all  species  of  animals  by  means  of  the 
I  intradermal  allergic  test.  In  a  number  of  epeciee  of  small  rodents 
this  test  is  macroacopically  negative  in  the  presence  of  immunity  of 
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great  strength  alter  recovery  from  tularemia.  What  has  been  stated 
does  not  rule  out  the  probable  existence  o £  allergy  in  these  animals, 
that  is,  the  capacity  of  a  rapid  response  reaction  of  the  body  to  a  sec* 
ond  injection  of  the  antigen,  but  evidently  the  methods  of  detecting  it 
should  be  different  from  the  skin  test. 

It  would  be  an  error  to  consider  that  the  allergic  reactivity 
is  characteristic  only  of  the  skin  of  an  organism  immune  to  tularemia, 
Allergic  reorganization  encompasses  the  entire  organism,  which  is  in¬ 
dicated  by  the  active  general  reactions  in  the  form  of  a  temperature 
elevation,  malaise,  etc.  which  develop  in  immune  people  after  the  in' 
jection  of  appropriate  doses  of  the  antigen  intrade rmally,  subcutan¬ 
eously  and  particularly  intravenously.  Vigorous  general  reactions  of 
an  allergic  nature  have  been  observed  repeatedly  in  patients  with  tulaxl- 
emia  after  the  use  of  vaccine  therapy.  The  entrance  of  the  antigen  int> 
the  respiratory  tract  of  a  sensitized  organism  causes  an  allergic  reac¬ 
tion  of  a  general  nature,  which  was  noted  even  by  N.  A.  Gayskiy  (1943) 
and  observed  repeatedly  in  our  laboratory. 

In  guinea  pigs  a  complete  correlation  between  skin  allergy 
and  immunity  is  observed  only  after  recovery  from  tularemia,  which 
produces  immunity  of  great  strength.  In  guinea  pigs  immunized  again  it 
tularemia  with  living  vaccine  the  connection  between  immunity  and  al¬ 
lergic  reactivity  is  relative,  which  corresponds  to  an  immunity  of  mod¬ 
erate  strength  created  in  guinea  pigs  under  the  influence  of  vaccina¬ 
tion  (T.  A.  Kalitina,  1953),  The  differences  between  the  allergic  tesi 
and  the  actual  state  of  immunity  increase  in  frequency  with  increase 
in  the  length  of  time  after  vaccination. 

T.  A.  Kalitina  noted  cases  in  which  the  skin  allergic  re- 
:  activity  of  guinea  pigs  was  preserved  but  the  immunity  was  inadequate 
i  to  prevent  death  from  tularemia  with  a  test  infection  of  100  MLCD  of 
|  a  virulent  strain,  although  the  survival  time  was  prolonged  somewhat. 

:  Similar  data  occur  in  the  work  by  N.  D.  Alta  re  va  (1949).  i 

i  The  most  complete  correlation  between  immunity  and  skin! 

I  allergic  reactivity  is  observed  in  people,  not  only  after  ;  <  covery,  but 
j  also  as  the  result  of  immunization  with  living  vaccine.  This  is  associ- 
•  ated  with  the  fact  that  the  possibility  of  mobilization  of  the  natural  de-l 
|  fenso  mechanisms  against  tularemia  as  well  as  the  ability  to  be  sensi^ 

.  tired  to  t’dorcmia  antigens  are  much  greater  in  the  human  body  than  in 
j  the  guinea  pig  organism  and  in  the  bodies  of  a  number  of  other  animalp. 
However,  ro  e  cases  of  differences  between  the  allergic  skin  rcaciiv-j 
■  ity  to  tularin  and  the  actual  state  of  immunity  can  also  occur  in  people, 

|  we  believe.  j 

!  In  doling  with  the  mechanisms  of  the  allergic  reaction  we( 

may  refer  to  the  common  opinion  that  underlying  it  is  the  interaction  J 
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between  the  allergen  and  the  antibody.  The  latter  occurs  inside  the 
cells  of  the  macroorganism,  interfering  with  cell  metabolism  and  lead¬ 
ing  to  the  increased  production  of  histamine  and  other  stimulants  in  th  > 
tissues.  After  the  intraderm&l  injection  of  a  corpuscular  antigen  (tul¬ 
arin)  the  reaction  in  the  form  o£  hyperemia  and  infiltration  of  a  certair 
area  of  skin  develops  in  the  sensitized  organism  usually  no  earlier  thah 
12-18  hours  afterwards  and  reaches  a  maximum  after  36-48  hours. 
Evidently,  this  time  is  necessary  for  the  cellular  digestion  of  bacteria 
injected  into  the  skin  and  the  liberation  of  a  quantity  of  antigenic  sub¬ 
stances  which  after  interaction  with  the  antibodies  would  produce  the 
appropriate  cell  reactions  (see  above).  After  percutaneous  .Injection 
of  the  antigen  the  time  of  appearance  of  the  skin  reaction  can  drag  out 
Jto  24-48  hours,  particularly  in  vaccinated  pe  rsons.  After  the  intra- 
dermai  injection  of  soluble  antigenic  complexes  ("tuallergen")  into  the 
sensitized  organism  the  allergic  reaction  develops  much  more  rapidly 
for  example,  in  people  it  appears  as  early  as  several  minutes  after  th£ 
injection  (I.  N.  Mayskiy  and  G.  K.  Shfpit-iina,  1962)  which  indicates  a 
rapid  interaction  between  the  substances  injected  and  antibodies  of  the 
immune  organism.  This  reaction  proceeds  in  a  manner  similar  to  thej 
skin  test  with  specific  pneumococcus  polysaccharide  during  the  period 
of  convalescence  from  pneumonia;  the  vesicle -reddening  reaction  oc¬ 
curs  immediately  after  injection  of  the  antigen.  (Shu  D.  Moshkovskiy^ 
Allergy  and  Immunity,  1947,  page  60).  Ths  rate  of  occurrence  of  the 


skin  allergic  teat  after  injection  of  "tuallergen"  is  similar  to  that  in  th? 
precipitation  test  in  vitro.  In  this  case  the  intensity  and  specificity  ofl 
the  allergic  skin  test  of  an  organism  immune  to  tularemia  should  pri¬ 
marily  be  associated  with  the  polys accha rides  as  being  the  most  activd 
substances  in  the  precipitation  reaction.  According  to  the  data  of  G.  j 
K.  Shipitsina  (1954),  the  necrotizing  effect  from  performance  cl  the  j 
allergic  test  is  associated  with  the  lipids  oi  the  whole  antigen.  A  sim4 
liar  accelerated  reaction  occurring  as  early  as  the  first  few  minutes 
after  the  injection  is  observed  after  the  intrade rmal  injection  of  spec 
Ific  hyperimmune  scrum  into  patients  with  tularemia.  The  test  can  bq 
positive  as  early  aa  several  hours  after  the  onset  of  the  disease  (Fo- 

■  shay,  1936,  1940).  In  this  case  the  serum  injected  enters  into  a  reac 
jtion  with  the  antigen  which  is  in  the  patient’s  body  (the  so-called  "r«- 
|  verse  allergic  reaction"). 

I  It  should  be  kept  in  mind  that  the  intradermal  tularin  test  ) 

.itself  is  not  immaterial  to  the  body,  since  the  antigen  of  the  pathogen  j 
| is  injected  into  the  body.  For  example,  in  guinea  pigs  which  arc  not  j 

■  immune  to  tularemia  a  single  intraderm&l  injection  of  tularin  brings  i 
•  about  the  rapid  appearance  of  a  small  quantity  of  agglutinin*  ic:  the 

blood  serum,  which  disappear  after  I'-ip  .PxJhrfcS  j^SLCka  KalitinL 
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1953).  There  are  also  indications  of  the  occurrence  of  agglutinins  in 
non-lmmune  people  after  intradermal  tularin  tests  performed  twice 
(L.  M.  Khatenever  and  coauthors*  1935).  A  single  intradermal  injec¬ 
tion  of  tularin  into  guinea  pigs  and  wh  te  mice  can  in  occasional  cases 
create  a  temporary  resistance  in  them  to  subsequent  infection  with 
several  MLCD  of  a  virulent  tularemia  culture,  whereas  a  similar  in¬ 
jection  of  this  preparation  into  white  rats  creates  the  same  resistance 
in  the  majority  of  animals  (T.  N,  Dunayeva,  1959).  These  data  indi¬ 
cate  the  need  of  cautious  utilization  of  the  intradermal  test  for  check¬ 
ing  animals  in  an  immunological  experiment,  because  the  immuniza- 
tory  processes  being  studied  can  be  thereby  distorted  to  one  degree  ox 
another. 


In  summing  up  what  has  been  stated  it  may  noted  that  iq 
tularemia  the  skin  allergic  test  can  be  considered  a  comparatively  re¬ 
liable  criterion  of  immunity  in  man  and,  tc  a  certain  degree,  in  vari¬ 
ous  species  of  animals,  but  it  is  not  of  general  significance  for  all 
1  species  of  animals.  It  should  be  taken  into  consideration  that  differen; 
states  of  the  body  and  of  its  central  nervous  system  can  exert  an  in¬ 
fluence  upon  the  skin  allergic  sensitivity.  Thus,  N.  A.  Gayskiy  (19*4 
noted  that  hibernation  in  souslika  and  tarhagans  reduces  their  allergic 
reactivity.  The  skin  allergic  sensitivity  of  guinea  pigs  immune  to  tul-j 
uremia  can  be  reduced  in  c&ses  of  gravidity,  in  the  case  of  a  pneumo-j 
eoccal  infection,  etc.  (T,  A.  Kalitma,  1953). 

There  is  an  indication  of  the  early  extinction  of  allergic  re¬ 
activity  ana  the  disappearance  of  agglutinins  from  persona  inoculated 
against  tularemia  suffering  from  pulmonary  tuberculosis  in  the  stage 
of  decompensation  (T.  A.  Rubina,  1951),  l.  F.  Mikhaylov  (1$51)  di- 
s  reeled  attention  to  the  possibility  of  reproduction  of  the  allergic  s'  in 
I  test  by  the  conditioned- re  flex  method  in  guinea  pigs  immune  to  tularerh- 

!  ia.  (In  the  experiments  of  this  author  immunity  to  tularemia  in  guinea 

*  * 

j  pigs  was  achieved  by  infection  of  them  with  a  virulent  cuitu  e  after 
preliminary  immunization  with  living  vaccine).  lie  used  a  puncture 
with  a  needle  and  subsequent  mechanical  stretching  of  the  skm  with  ! 
i  physiological  saline  solution,  combining  this  stimulation  with  the  spec¬ 
ific  action  of  tularin  on  the  skin  receptors.  After  five  such  combina¬ 
tions,  in  the  sixth  injection  he  gave  the  animals  physiological  saline 
1  solution  instead  of  the  sjiccific  agent,  tularin.  Thereby,  at  the  injec-1 
S  tion  site  of  physiological  saline  solution  on  the  next  day  hyperemia  wai 
noted  in  the  area  of  skin  with  an  infiltrate  of  the  underlying  tissue 
1  which  in  a  number  of  cases  were  of  the  siinc  intensity  as  in  response 
,  to  the  previous  injections  of  tularin,  Evidently,  in  this  case  the  reac-i 
jtion  was  of  the  conditioned- reflex  type  without  participation  of  a  spec-' 
Lific  agent.  The  experiments  pOaJT*.  M»hhv-\ylo.v_Wfij:fl_xt'Pi:atcd  ou.  _J 
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guinea  pigs  by  T.  A.  Kali  tin  a  {1953 )  «mu  independently  of  her  by  V.  A.  J 
Yudenich  (1954),  and  they  were  fully  confirmed.  T.  A.  Kalitina  estate 
lished  the  fact  that  the  skin  reactivity  occurring  in  response  to  a  con¬ 
ditioned  stimulus  is  ephemeral*  and  in  the  animals  it  is  completely 
lost  as  early  as  after  two  weeks.  We  should  like  to  note  that  the  pos¬ 
sibility  of  obtaining  a  positive  allergic  skin  test  by  the  conditioned- 
reflex  method  in  response  to  the  injection  of  physiological  saline  solu-j 
tion  was  shown  by  Mails  (1935)  before  Mikhaylov  in  experimental  tubq 
culosis  of  rabbits. 

In  guinea  pigs  immune  to  tularemia  it  is  possible  to  de¬ 
sensitize  the  skin  to  this  preparation  by  means  of  frequent  intraderma), 
injections  of  tularin  given  over  a  long  period  of  time  (I.  F.  Mikhaylov 
1951;  T.  A,  Kalitina*  1953);  however*  the  latter  does  not  bring  abou4 
a  loss  of  immunity  in  the  guinea  pigs  (T.  A.  Kalitina).  The  possibility 
of  desensitization  of  the  skin  in  people  immune  to  tularemia  by  repeat} 
ed  injection  of  the  antigen  has  been  indicated  by  Foshay  (1940).  A.  V. 
Mashkov  (1946)  notes  that  after  a  single  intravenous  injection  of 
2,000,000*000  killed  tularemia  bacteria  (diagnosticum)  into  immune 
rabbits  the  skin  reactivity  to  tularin  was  completely  extinguished  and 
there  was  a  considerable  reduction  of  the  serum  agglutination  titer* 
but  after  two  weeks  the  allergy  and  the  agglutinins  were  restored.  Ac¬ 
cording  to  the  observations  of  T.  A.  Kalitina  (1953)*  after  repeated 
injections  of  tularin  into  immune  guinea  pigs  but  after  long  intervals* 
for  example*  every  three  months*  the  skin  reactivity  to  tularin  in¬ 
creased  in  a  number  of  cases. 

What  has  been  presented  shows  that  the  skin  allergic  reac 
tivity  of  the  immune  organism  is  subordinate  to  the  general  biological 
law  of  excitation-inhibition.  This  is  also  confirmed  by  the  possibility 
of  extinction  of  the  allergic  skin  reaction  in  guinea  pigs  immune  to  tu-] 
larem:  a.  by  means  of  putting  them  to  sleep  with  anesthetic  agents  (I. 

F.  Mikhaylov,  1951;  T,  A.  Kalitina,  1953;  A.  S.  Shevelev,  1954). 

Along  with  the  allergic  reaction  N.  A,  Gayskiy  (1948)  as¬ 
cribed  great  importance  to  the  opsonocytophagic  test  as  an  index  of 
|  immunity  in  tularemia.  He  was  able  to  find  a  high  percentage  of  cor- 
:  relation  between  both  reactions  in  the  guinea  pigs  immunized  with  liv-l 
I  ing  vaccine  as  well  as  in  people,  which  was  confirmed  in  the  subse- 
I  quent  investigations  of  I.  S,  Tinker  and  A.  N.  Yelfimova  (1956)  as  we|l 
I  as  those  of  R.  Ya.  Bondar'  (1957).  Thereby,  it  was  noted  that  the 
•  phagocytic  activity  of  blood  leukocytes  in  non-immune  people*  guinea 
j  pigs  and  rabbits  is  beet  expressed  in  response  to  avirulent  bacteria; 
i  in  immune  people  or  animals*  in  response  to  virulent  or  vaccine  bac-j 
|  teria  (1.  S.  Tinker  and  A.  N.  Yelfimova*  1956).  j 

,  In  the  opinion  of  a  number  of  investigators,  antibodies  anq 
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particularly  he  regarded  only  as  a  relative  index  of  im| 

m  unity  in  tularemia  (N.  A.  Gayskiy,  1943;  L.  M.  Khatenever,  1943) 

I.  N.  Mayskiy,  1953,  and  others).  Factual  material  accumulated  at 
present  on  the  agglutination  test  and  other  serological  tests  in  tularerh- 
ia  shows  that  the  antibodies  appear  quite  regularly  in  the  macroorgan  • 
ism  after  the  effect  of  both  virulent  and  variously  attenuated  tularemia 
bacteria,  living  or  killed,  as  well  as  antigenic  complexes  extracted 
from  the  microbe.  However,  the  quantity  of  antibodies  and  the  length 
of  time  they  circulate  in  the  blood  depend  on  the  strength  (quality)  of 
the  antigenic  stimulus  used,  its  dose,  method  of  application,  etc.  as 
well  as  on  the  species  characteristics  of  the  macroorganism  (and  in  a| 
number  of  cases  also  the  individual  characteristics)  on  which  the  anti-] 
genic  effect  has  been  exerted.  The  qualitative  characteristics  of  the 
antibodies  formed  and  particularly  the  interrelationship  between  the 
Vi  and  O  antibodies  (see  Chapter  XU)  should  depend  on  the  qualitative 
composition  of  the  antigenic  complexes  causing  the  immunizatory  proc¬ 
ess.  This  problem  has  not  been  studied  in  tularemia,  but  without  the 
solution  of  it  a  number  of  very  important  aspects  of  immunology  of  thi|i 
infectious  disease  remain  unclear.  Under  otherwise  equal  conditions 
the  highest  level  of  antibody  production  in  the  body  occurs  when  the 
body  is  acted  on  by  a  virulent  tularemia  culture;  a  moderate  level,  aft- 
ter  vaccination  with  a  living  attenuated  culture;  and  a  low  level,  after 
the  effect  of  killed  vaccine.  The  rules  and  regulations,  therefore,  arts 
the  same  as  in  the  formation  of  the  allergic  skin  reactivity  during  the 
course  of  the  immunizatory  process. 

For  example,  during  the  period  of  maximum  antibody  pro¬ 
duction  in  people  who  have  recovered  from  tularemia  the  agglutination 
titers  amount  to  1:400-1:800  but  can  reach  1:1600  and  1:3200,  whereat 
in  people  immunized  percutaneously  with  living  vaccine  these  titers 
j  usually  amount  to  1:80-1:160  and  rarely  exceed  1:320.  The  antibodies 
!  formed  react  in  vitro  with  the  virulent  or  vaccine  culture  chiefly  in  a 
J  manner  similar  to  stable  agglutination,  to  which  attention  was  directed 
by  B,  Ya.  El'bert  and  N.  A.  Gayskiy  (1941), 

In  contrast  to  skin  allergy  the  antibodies  are  found  after  ! 
immunization  in  the  most  varied  species  of  animals,  but  the  level  at-j 
tained  is  different  (see  Chapter  VIII).  After  reaching  the  maximum  the 
quantity  of  antibodies  then  decreases  and  then  they  remain  at  a  rela-  < 
tively  low  level  in  the  body.  Puring  this  period  usually  cases  of  a  dis¬ 
crepancy  between  the  existence  of  antibodies  (as  demonstrated  in  the 
I  agglutination  test)  and  the  actual  state  of  immunity  begin  to  be  noted, 
the  more  often  the  longer  the  period  which  has  elapsed  since  the  time 
of  immunization. 

In  people  inoculated  with  living  vaccine,  during  the  first 
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year  after  immunization  usually  both  reactions  are  positive  --  the  al¬ 
lergic  and  agglutination  reactions.  In  subsequent  years,  when  the  ag-| 
glutination  titers  become  low,  more  often  it  is  possible  to  find  only  th<j 
former  reaction,  for  example,  after  three  years,  according  to  the 
data  of  Y.  A.  Yudenich  (1953),  the  allergic  reactivity  to  tularin  was 
demonstrated  in  84.2  percent, and  agglutinins  (in  a  dilution  of  l:5-l:80)|„ 
were  found  in  61.4  percent  of  the  inoculees. 

Among  practising  physicians  the  opinion  is  common  that  id 
tularemia  the  development  of  allergy  outstrips  the  appearance  of  anti¬ 
bodies.  This  opinion  is  based  on  the  fact  that  in  diagnostic  practice  thje 
skin  tularin  test  becomes  positive  sooner  than  the  agglutination  test. 
However,  the  latter  is  not  an  adequately  sensitive  method  of  detecting 
antibodies,'  particularly  if  minimum  serum  dilutions  are  neglected  in 
its  performance  (1:5-1:10).  It  is  well  known  that  in  the  complement- 
fixation  test  antibodies  can  be  found  earlier  than  in  the  agglutination 
test  in  a  number  of  cases  (see  Chapter  VIII).  Therefore,  a  certain  ga  > 
in  the  time  between  the  detection  of  allergic  reactivity  in  the  body  dur¬ 
ing  the  course  of  the  immunizatory  process  and  the  detection  of  anti¬ 
bodies,  noted  in  clinical  practice,  does  not  reflect  the  true  state  of  af¬ 
fairs.  Early  appearance  of  agglutinins,  preceding  the  development  of 
the  skin  allergic  sensitivity  (to  the  doses  of  tularin  used)  was  noted  in 
their  experiments  by  A.  V.  Mashkov  (1946)  and  I.  N.  Mayskiy  (1953): 
the  former,  after  infection  of  rabbits  with  a  virulent  culture;  the  latter, 
after  immunization  of  guinea  pigs  with  living  vaccine.  Therefore,  the 
opinions  stated  by  I.  N.  Mayskiy  to  the  effect  that  ''immunological  chan¬ 
ges  in  the  body  . , .  are  essentially  the  same,  and  the  impossibility  of 
simultaneous  defection  of  them  by  the  methods  of  investigation  used  isj 
explained  by  the  different  quantitative  manifestations  of  these  changes 
in  the  immunized  organism"  should  be  considered  justified.  To  what 
|  has  been  stated  the  probable  imperfection  of  the  methods  which  we  ard 
using  at  the  present  time  for  the  detection  of  immunizatory  processes! 
in  the  body  should  be  added. 

The  condition  of  the  central  nervous  system  exerts  an  ef¬ 
fect  on  the  development  of  immunological  reactions,  which  was  dem¬ 
onstrated  by  means  of  observations  on  the  tularemia  vaccine  process 
!  in  persons  with  mental  disorders.  Thus,  in  certain  forms  of  schizo¬ 
phrenia  (for  example,  in  a  catatonic  stupor)  as  well  as  in  the  presence! 

I  of  signs  of  parkinsonism  the  immunological  indices  (allergy,  antibodiejs) 
•  in  response  to  vaccination  are  notably  reduced  by  comparison  with 
!  normal.  However,  in  feeble-mindedness  the  immunological  reactivity 
!  is  no  less  than  that  of  normal  subjects  (L.  S.  Matveyets,  N.  G.  Olsufj- 
|  yev,  Yu.  A.  Il'inskiy,  N,  M,  Zharikov  and  O.  V.  Kerbikov,  1957).  i 
;  These  data  indicate  that  a  functional  abnormality  of  subcortical  activity 
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plays  an  essential  part  in  the  change  in  the  immunological  reactivity  o: 
the  body.  The  observations  presented  show  that  reduction  of  the  effecl 
of  vaccination  against  tularemia  can  be  expected  only  in  persons  who 
have  definite  and  quite  severe  pathological  changes  in  the  central  ner¬ 
vous  system. 

Immunity  Mechanisms  in  Tularemia 

B.  Ya.  El'bert  and  N.  A.  Gayskiy  believed  that  in  tularem¬ 
ia  a  non-sterile  immunity  occurs.  [ A  sterile  immunity  is  one  in  which, 
there  are  no  living  bacteria  of  the  kind  which  produced  the  immunity  ii 
the  body7.  In  their  opinion,  the  presence  of  living  bacteria  in  the  ma  ■ 
croorganism  is  an  inevitable  condition  for  the  maintenance  of  the  im¬ 
munity  on  the  proper  level  (the  premunition  principle  of  Sergeant-Don- 
atienne).  The  impossibility  of  creating  immunity  by  means  of  killed 
vaccines  was  considered  one  of  the  main  proofs  of  this  viewpoint.  In 
the  opinion  of  B.  Ya.  El'bert  and  N.  A.  Gayskiy,  the  site  of  localiza¬ 
tion  of  tularemia  bacteria  in  the  immune  organism  is  chiefly  the  bone 
marrow. 

I.  S.  Tinker  and  M.  S.  Drozhevkina  (1949),  on  the  basis  o  ' 
experiments  on  rabbits,  indicated  the  possibility  of  a  prolonged  exist¬ 
ence  of  virulent  bacteria  in  the  immune  organism.  However,  the  data 
of  these  authors  cannot  be  considered  convincing  because  of  their  appl.- 
cation  with  the  aim  of  detecting  the  microbe  by  the  "multipassage" 
method.  Verification  experiments  on  rabbits,  performed  in  our  lab¬ 
oratory,  did  not  confirm  the  observations  of  I.  S.  Tinker  and  M.  S. 
Drozhevkina.  L.  M.  Khatenever  (1943,  1946)  and  then  V.  P.  Dzhan- 
poladova  (1948),  P.  N.  Burgasov  (1951),  I.  N,  Mayskiy  (1953)  and 
N.  G,  Olsuf'yev  (1953),  based  on  numerous  experiments  on  different 
j  species  of  animals,  expressed  opposite  opinions  as  to  the  sterilizing 
;  nature  of  the  immunity  in  tularemia,  its  regular  transition  from  the 
j  infectious  phase  to  the  post-infectious  phase  during  the  course  of  de- 
|  velopment.  Here,  as  well  as  in  Chapter  IV,  we  have  repeatedly  pre- 
{  sented  experimental  materials  confirming  this  viewpoint  and  coincid- 
•  ing  with  similar  data  by  P.  F.  Zdrodovekiy  and  his  co-workers  with 
j  respect  to  brucellosis  and  other  infectious  diseases.  Particularly  con- 
'  vincing  are  the  experiments  on  animals  of  group  II  (white  rats,  rabbit  i, 
|  etc.)  in  which,  as  the  result  of  their  lesser  sensitivity  to  infection,  the 
'  mechanisms  of  defense  are  rapidly  mobilized  and  the  body  is  rid  of 
J  virulent  tularemia  bacteria  in  quite  a  short  time  (usually  in  one -two 
months)  during  the  recovery  process,  while  the  immunity  acquired  is  i 
|  then  preserved  for  a  long  time.  Guinea  pigs  and  white  mice,  because 
:  of  their  high  degree  of  sensitivity  to  tularemia,  are  not  such  good 
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models  for  these  experiments,  but  if  the  experiments  are  performed 
in  a  certain  way  it  is  possible  to  create  a  very  strong  immunity  and 
note  the  transition  of  this  infectious  phase  into  a  post-infectious  one. 
Numerous  observations  attest  to  the  fact  that  during  the  course  of  de¬ 
velopment  of  immunity  the  regional  lymph  nodes  (and  lungs)  usually  be[> 
come  free  of  tularemia  bacteria  last,  but  the  bone  marrow  does  not. 
Various  cases  of  lingering  bacterial  carriage  indicate  only  the  imper¬ 
fection  of  protective  mechanisms  and  cannot  serve  as  proof  of  the  non* 
sterile  immunity  in  tularemia.  The  possibility  of  reproduction  of  im¬ 
munity  to  tularemia  in  animals  by  means  of  the  injection  of  the  so-callad 
"chemical"  vaccines  deprives  one  of  the  many  arguments  of  proponent:! 
of  the  non-sterile  immunity  of  its  significance. 

In  dealing  with  the  intrinsic  mechanisms  of  immunity  in 
tularemia  B.  Ya.  El’bert  and  N.  A.  Gayskiy  (1941)  emphasized  the 
fact  that  resistance  of  the  immune  organism  to  reinfection  is  associat* 
ed  with  specific  allergic  reorganization  of  cells  of  the  latter,  directed 
at  rapid  elimination  of  the  pathogen  from  the  focus.  In  the  opinion  of 
N.  A.  Gayskiy  (1943),  immunity  in  tularemia  is  associated  with  an  al¬ 
lergic  reorganization  of  the  body;  the  appearance  of  agglutinins  in  th« 
blood  should  be  regarded  only  as  proof  of  the  fact  that  infection  has  oc  ■ 
j  cur  red  which  has  no  direct  bearing  on  the  production  of  immunity.  Thr 
secondary  role  of  antibodies  in  immunity  to  tularemia  was  pointed  out 
by  I.  N.  Mayskiy  (1953)  and  A.  V.  Mashkov  (1952).  Thereby,  they  re¬ 
ferred  to  the  fact  that  in  the  remote  periods  after  recovery  or  vaccina¬ 
tion  agglutinins  can  no  longer  be  found  in  the  blood  serum,  but  the  ac- 
|  tual  state  of  immunity  (that  is,  resistance  to  reinfection)  continues  to 
|  be  maintained.  At  the  same  time,  experiments  or.  vaccination  with 
j  killed  corpuscular  vaccines  show  that  despite  the  appearance  of  ag- 
j  glutinins  in  the  sera  of  animals  the  allergic  reaction  and  pronounced 
immunity  (to  infection)  are  absent  in  them.  Both  authors  believe  that 
underlying  immunity  in  tularemia  is  an  increase  in  the  reactivity  of  this 
body,  that  is,  in  the  ability  of  the  latter  to  respond  with  accelerated 
tissue  reactions,  at  the  time  of  a  second  encounter  with  the  pathogen, 
leading  to  a  restziction  of  multiplication  of  the  microbe  and  destruction 
•  of  if.  Both  authors  also  direct  attention  tc  the  significance  of  the  regu¬ 
latory  effect  of  the  central  nervous  system  in  the  change  of  the  imim 
ological  reactivity  of  the  body. 

j  The  arguments  of  the  authors  mentioned  above  concerningj 

the  secondary  role  of  antibodies  in  the  mechanisms  of  immunity  to  tuliir- 
j  emia  cannot  be  considered  convincing.  The  fact  that  antibodies  are  net 
|  found  in  the  blood  of  an  immune  organism  does  not  mean  that  they  are 
entirely  absent  from  it,  because  they  may  be  contained  in  the  cells 
!  (sessile  antibodies).  This  may  be  indicated  indirectly  by  the  skin 
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allergic  reactivity  observed  in  the  immune  organism,  the  detection  o £ 
which  reactivity  is  based  on  the  reaction  between  antigen  and  antibody. 
For  the  purpose  of  detecting  the  antibodies  the  authors  usually  made 
use  of  the  agglutination  test,  which  is  far  from  perfect  for  these  pur¬ 
poses.  Thereby,  no  consideration  was  given  to  the  antibody  pattern  in| 
the  sera  being  studied  or  the  quantity  of  anti-Vi  components  in  them, 
particularly  after  immunization  with  killed  corpuscular  vaccines.  Th< 
problem  of  antibodies  in  immunity  to  tularemia  needs  checking  with  ths 
use  of  more  perfect  methods  of  detection  (the  hemagglutination  test, 
method  of  quantitative  precipitation,  etc.).  Specifically,  a  check  on 
the  statement  that  precipitins  better  reflect  the  activity  of  sera  immune 
to  tularemia  than  do  agglutinins  is  interesting  (N.  K.  Vereninova,  1947; 
Foshay  and  coauthors,  1947).  We  should  like  to  note  that  considerable 
progress  in  the  study  of  the  role  of  various  antibodies  in  immunity  to; 
plague  was  made  as  the  result  of  using  hemagglutination. 

What  has  been  stated  gives  no  basis  for  accepting  a  functioln 
of  direct  protection  for  antibodies.  Without  possessing  this,  antibodiejc 
reacting  with  the  antigen,  only  specifically  direct  the  natural  defense 
forces  of  the  body,  which  in  themselves  possess  no  specificity  of  acticjn 
(L.  A.  Zil'ber,  1948,  1958;  V.  S.  Gostev,  1954),  against  it  and  its 
carrier  --  the  bacterial  cell.  This  has  been  confirmed  by  the  latest 
investigations  on  the  characteristics  of  formation  of  antibacterial  im-j 
munity  after  the  effect  of  ionizing  radiation  on  the  body,  which  shows 
that  antibodies  participate  in  protection  of  the  body  only  when  natural 
nonspecific  mechanisms  of  protection  are  not  injured  (V.  L.  Troitskiy 
and  coauthors,  1956).  Similar  rules  and  regulations  have  been  estab¬ 
lished  with  respect  to  antitoxic  diphtheria  immunity  in  experiments  on 
guinea  pigs,  including  reproduction  of  it  by  the  passive  method  (D.  R. 
Kaulen,  1956).  In  the  light  of  these  data  the  failure  of  transmitting 
i  passive  immunity  to  such  animals,  so  highly  sensitive  to  tularemia  as| 
guinea  pigs  and  white  mice,  in  which  during  the  course  of  developmen 
!  of  the  infectious  process  caused  by  fully  virulent  strains  of  bacteria 
|  the  natural  defense  mechanisms  are  paralyzed  very  early  and  are  theh 
J  injured  (see  Chapter  IV),  becomes  understandable.  In  animals  less 
l  sensitive  to  tularemia,  for  example,  white  rats  or  rabbits  the  natural 
j  defense  mechanisms  suffer  less,  and  in  these  cases  serum  therapy 
I  under  certain  conditions  can  be  effective,  just  as  in  the  case  of  man. 
j  A.  V.  Mashkov  (1952)  points  to  inflammation  and  phagocyj 

tosis  as  specific  methods  of  protecting  the  organism  immune  to  tular-i 
|  emia  against  reinfection.  Of  the  natural  humoral  factors  note  should  j 
•  be  made  of  complement,  opsonins,  and  properdin,  but  evidently  the  I 
|  list  is  not  limited  to  this.  It  is  fitting  to  mention  that  the  allergic  ski 
1  reaction  developing  in  an  organism  immune  to  tularemia  aft  r  the 
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injection  of  killed  or  living  tularemia  bacteria  has  features  <  l  specific 
inflammation  (granulomatosis), and  underlying  it  it  has  a  histiocytic 
(mac rophagic)  character  (T.  A.  Kalitina  and  A.  P.  Gindin,  1956), 
that  is,  it  is  essentially  protective. 

With  respect  to  phagocytosis  it  should  be  noted  that  in  the 
case  of  immunity  to  tularemia  it  cannot  be  studied  with  appropriate  j 
completeness,  although  the  significance  of  it  is  indubitable  and  very 
important.  Investigations  on  this  problem  by  V.  P.  Dzhanpoladova 
(1948)  are  not  convincing,  because  the  author  did  not  have  at  his  dis¬ 
posal  selective  staining  for  the  tularemia  bacteria,  which,  given  the 
very  small  size  of  the  latter  does  not  permit  reliable  differ entiation  oi 
them  from  granular  inclusions  of  leukocytes  in  various  pathological 
conditions  of  the  body.  In  this  connection  staining  by  the  Romanowskiy- 
Giemsa  method  cannot  be  considered  adequate.  Observations  obtained 
with  the  use  of  the  opsonocytophagic  test  indicate  the  increase  of  phago¬ 
cytosis  in  the  organism  immune  to  tularemia,  but  these  data  are  only 
of  relative  significance,  because  the  main  force  of  the  organism  coun¬ 
teracting  the  pathogen  lies  in  the  cellular  elements  of  the  fixed  connec  • 
tive  tissue  rather  than  in  the  blood  leukocytes,  which  was  established 
by  V.  K.  Vysokovich.  The  leading  significance  of  phagocytosis  as  a 
factor  in  the  protection  of  the  immune  organism  against  reinfection  ha  i 
been  proved  in  plague  (M.  P.  Pokrovskaya  and  L.  S.  Kaganova),  bru¬ 
cellosis  (P.  A.  Vershilova  and  I.  N.  Kokorin),  rickettsial  diseases 
(I.  N.  Kokorin)  and  there  is  no  reason  for  the  belief  that  in  this  respect 
tularemia  constitutes  an  exception.  According  to  the  data  of  I.  N.  Ko  ■ 
korin  (1956),  the  morphologic  criterion  of  the  immunological  reorgani¬ 
zation  in  brucellosis  and  rickettsial  diseases  should  be  cor  idered  the 
macrophagic  reaction  and  increase  in  the  processes  of  cell  metabolism 
(a  directed  change  in  the  synthetic  processes,  the  appearance  of  quali  ■ 

,  tatively  different  cells  rich  in  ribonucleic  acid  and  polysaccharides). 
The  increase  in  the  digestive  power  of  the  macrophages  finds  its  ex¬ 
pression  in  the  complete  phagocytosis  even  of  microorganisms  which 
are  difficult  to  lyse  and  intracellular  digestion  of  them  in  the  first  48- 
72  hours  after  infection.  This  macrophage  activity  is  associated  with 
'their  production  of  protective  substances  (antitoxins  and  lysins)  which! 
act  specifically  on  the  given  microbe,  which  makes  it  possible  for 
macrophages  to  detoxify  it  and  assimilate  it  by  means  of  intracellular 
j  digestion.  Sue*  l  reorganization  of  polymorphonuclear  leukocytes  has 
not  been  noted.  Aside  from  the  inflammatory  reaction  and  phagocytos- 
I  is  we  should  keep  in  mind  other  possible  methods  of  protecting  the  or- 
j  ganism  immune  to  tularemia  against  reinfection,  particularly  the  ac- 
!  cumulation  of  antifibrinolysins  in  the  blood  serum  (Ye.  N.  Aleshina 
land  T.  I.  Puchkova,  1947). _ 
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j  In  concluding  the  presentation  of  the  section  on  mechanism}: 

of  immunity  in  tularemia  it  should  be  noted  that  they  are  approximatel 
|  the  same  as  in  a  number  of  infectious  diseases  of  similar  pathogenesi 
brucellosis,  plague,  tuberculosis,  rickettsial  diseases  --  and  the  ex¬ 
isting  data  fit  within  general  concepts  of  mechanisms  of  protection 
against  bacterial  infections  (Sh.  D.  Moshkovskiy,  1947;  L.  A.  Zil'- 
ber,  1948,  1959;  P.  F.  Zdrodovskiy,  1950,  and  others). 

i  Conclusion 


The  most  important  results  in  the  immunology  of  tularemi; 
have  been  obtained  as  the  result  of  a  comparative  study  of  antigenic 
substances  of  virulent,  slightly  virulent  (vaccine)  and  avirulent  strain* 


of  tularemia  bacteria  and  detection  of  the  effect  of  the  carriers  of  thesje 
antigens  on  the  animal  organism  with  different  infectious  sensitivities 
and  immunizabilities.  The  comparative  method  of  investigation  used 
made  it  possible  to  determine  the  antigenic  complexes  of  the  microbe 
with  which  its  virulence  and  protective  properties  are  associated  and 
to  demonstrate  a  number  of  the  general  rules  and  regulations  of  crea¬ 
tion  of  immunity  against  tularemia  and  some  of  its  characteristics  in 
various  species  of  animals  and  in  man. 

A  particularly  important  achievement  in  the  field  of  immun¬ 
ology  of  tularemia  should  be  considered  the  living  vaccine  worked  out 
by  B.  Ya.  El'bert  and  N.  A.  Gayskiy.  With  respect  to  the  duration  of 
immunity  conferred  on  man  and  the  degree  of  its  expression  the  tular¬ 
emia  vaccine  is  not  inferior  to  smallpox  vaccine,  which  to  date  is 
considered  the  best  of  all  the  known  vaccines  in  world  practice.  The 
use  of  tularemia  vaccine  experimentally  has  markedly  expanded  the  I 
possibilities  of  comparative  study  of  immunity  in  tularemia,  enrichinf 
J  the  immunology  of  this  infectious  disease  with  new  facts.  The  use  of 
j  the  vaccine  in  practice  has  led  to  a  marked  reduction  in  the  incidence 
j  of  tularemia  in  people  and,  in  places,  to  an  almost  complete  elimina- 
|  tion  of  it. 

Very  detail*)  investigations  on  the  immunological  reaction* 

.  and  the  establishment  of  their  connection  with  immunity  in  tularemia 


should  be  considered  an  important  achievement.  Data  existing  on  this 
subject  constitute  the  scientific  basis  for  the  laboratory  diagnosis  of 
tularemia  as  well  as  for  the  determination  of  the  duration  of  immunity 
!  in  those  inoculated  or  in  those  who  have  had  tularemia.  Investigation* 
on  passive  immunity  have  not  given  any  essential  practical  results  for 
therapy  of  tularemia,  just  as  is  the  case  in  many  other  bacterial  infecl- 
■  tious  diseases.  However,  in  the  general  line  of  investigations  on  the  j 
immunology  of  tularemia  the  data  obtained  in  this  section  are  of  defin<j 
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ite  significance  and  should  he  given  appropriate  consideration. 

The  greatest  number  of  gaps  is  being  felt  in  the  developme  it 
of  problems  of  the  mechanisms  of  immunity  in  tularemia.  The  entire 
section  of  phagocytosis  needs  special  study;  additional  studies  are 
needed  on  antibodies,  nervous  and  humoral  regulation  of  immunogenes  s, 
etc.  Special  attention  should  also  be  given  to  problems  of  the  creation 
of  immunity  in  accordance  with  age  and  other  characteristics  of  th?  or* 
ganism,  and  then  in  mixed  infectious  diseases,  associated  vaccination 
the  effect  of  various  external  agents  including  ionizing  radiation,  etc. 

It  is  to  be  hoped  that  in  the  near  future  these  gaps  will  be  filled  in  by 
research  workers. 
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Chapter  X 


Vaccinoprophylaxi*  of  Tularemia 


General  Comments 

Work  he.;  been  done  on  the  development  of  a  vaccine  against 
tularemia  in  the  USSR,  United  States  and  other  countries.  However, 
only  Soviet  scientists  '  we  succeeded  in  solving  this  problem  of  very 
great  importance  for  public  health  practice  with  complete  success.  The 
theoretical  aspects  of  this  problem  as  well  as  experimental  basis  for 
the  use  of  various  vaccines  have  been  presented  in  Chapter  IX.  In  the 
present  Chapte:  we  are  analyzing  the  data  on  vaccination  of  people  in¬ 
cluding  the  organization  of  inoculations  and  evaluation  of  their  effective¬ 
ness. 

In  1931  L.  M.  Khatenever  and  G.  Ya.  Sinay  in  Southeast 
Kazakhstan  (the  village  of  Ush-Tobe)  inoculated  41  persons  with  a  tula  *- 
emia  glycerinated  vaccine  killed  by  heat  (L.  M.  Khatenever  and  L.  A. 
Levchenko,  1935).  This  was  the  first  experiment  in  vaccination  of 
people  against  tularemia  in  the  world.  The  inoculations  were  given 
subcutaneously,  once,  twice,  and  three  times;  in  the  last  two  cases 
with  intervals  of  five  days  between  the  inoculations.  It  was  determined 
that  after  triple  vaccination  in  the  majority  of  persons  inoculated  ag~ 
glutinins  appeared  in  the  blood  serum;  those  inoculated  were  under  ob¬ 
servation  a  total  of  only  three  weeks,  and  the  prophylactic  effcctivenei  • 
of  the  vaccination  remained  unclarificd.  Subsequently,  killed  corpus¬ 
cular  tularemia  vaccines  were  tested  repeatedly  on  people,  but  the  pro- 
i  phylactic  effect  of  the  inoculations  was  either  low  or  remained  unclari  • 
jfied  (Ye.  M.  Tsvetkova,  1944),  There  is  only  a  single  statement  con- 
icerning  a  good  result  in  preventing  tularemia  in  people  inoculated  sub< 
jcutaneousiy  with  killed  glycerinated  vaccine  shortly  before  the  occur- 
!  rence  of  an  arthropod-borne  outbreak,  whereby  only  those  who  were 
j  not  inoculated  became  sick  (L.  M.  Khatenever,  1946).  Attempts  at 
;  vaccinating  people  with  killed  tularemia  vaccines  were  made  in  the  Un  ,t- 
i  ed  Staves  also,  but  they  were  of  a  localised  character,  whereby  the  in  j 


| oculations  protected  poorly  against  tularemia  (see  Chapter  H).  . 

-  B.  Ya.  El  bert  and  N.  A,  Gayskiy  believed  that  only  living 

I  tularemia  vaccine  can  provide  a  persistent  and  strong  immunity  in  the) 
jinoculees.  As  has  been  pointed  out  in  Chapter  IX,  they  worked  out  th^ 
(theoretical  basis  for  specific  prophylaxis  of  tularemia  which  subse-  i 
’  quently  found  practical  confirmation  in  the  preparation  and  application^ 
I  of  tularemia  vaccine  made  of  living  attenuated,  m l&X0.hP A. bx_M -M 
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Faybich.  The  first  test  of  an  attenuated  tularemia  strain  ("Moskva") 
was  made  on  10  volunteers  by  B.  Ya.  El'bert  and  N.  A.  Gayski/,  and 
it  showed  the  harmlessness  of  this  strain  for  people  and  its  high  de¬ 
gree  of  immunogenicity  (judging  by  the  immunological  reactions).  Test¬ 
ing  of  attenuated  tularemia  cultures  on  people  was  renewed  by  N.  A. 
Gayskiy  in  1942  after  he  obtained  attenuated  strains  with  the  necessary 
residual  virulence  by  the  laboratory  method.  Fifty  works  *s  of  the  Ir¬ 
kutsk  Plague -Control  Institute  expressed  the  desire  to  be  given  an  ex¬ 
perimental  subcutaneous  vaccination*  and  six  of  them  asked  for  subse-j 
quent  experimental  infection  with  a  virulent  culture  of  the  tularemia 
microbe.  N.  A.  Gayskiy  mentions  the  names  of  the  first  participants 
of  this  test:  N.  D.  Altareva,  A.  V.  Korotkova*  Ye.  P.  Makarova*  T. 

G.  Linnik,  A.  G.  Lopotukhina*  V.  Ya.  Mikhaleva,  V.  N.  Rychkova  anjd 
others.  This  test*  conducted  under  the  clinical  observation  of  V.  Y. 
Kosmachevskiy  (1944)*  confirmed  the  harmlessness  of  the  vaccine  for 
people  and  its  good  protective  properties,  because  none  of  the  inoc  ileeb 
infected  half-year  after  vaccination  with  a  virulent  culture  of  B.  tulai 
ense  became  sick  with  tularemia. 

As  early  as  the  end  of  1942  the  vaccine  began  to  be  used  irj 
foci  of  tularemia.  In  December  1942  under  the  personal  supervision 
j  of  N.  A.  Gayskiy  1300  persons  were  inoculated  subcutaneously  in  Kir-j 
ovskaya  Oblast;  in  1943,  2, 214  in  Voronezhskaya  Oblast;  and  about 
200  persons  in  Kazakhstan.  The  vaccine  possessed  good  protective 
properties  but  also  had  essential  defects;  it  was  prepared  in  the  form| 

|  of  a  suspension  in  physiological  saline  solution  and  after  standing  it 
rapidly  lost  its  immunogenic  properties  (see  below)  and  also  producedj 
excessive  side-effects.  With  the  aim  of  prolonging  the  longevity  of  th^ 
vaccine  N.  A.  Gayskiy  and  Ye,  M,  Golinevich  as  well  as  M.  M,  Fay-' 
bich  and  T.  S.  Tamarina  used  vacuum  drying  of  the  vaccine  in  1944* 
whereby  the  latter  authors  brought  the  development  of  this  problem  to 
its  practical  completion.  M.  M.  Faybich  and  T.  S.  Tamarina  (1946) 
prepared  a  vaccine  first  for  subcutaneous  and  then  for  percutaneous 
methods  of  vaccination.  This  vaccine  was  called  "dry  living  tularemii 
vaccine  of  the  NIIEG",  It  possessed  considerable  advantages  over  the] 
liquid  vaccine  in  the  fact  that  it  could  be  preserved  at  a  temperature 


of  0-2v  up  to  two  years  or  more  without  losing  its  immunogenic  propet- 
ties.  The  method  of  preparing  the  vaccine  made  it  possible  accurate! r 
to  dosage  the  number  of  microbes  in  the  preparation*  which  could  not 
be  done  in  the  preparation  of  liquid  vaccines.  These  valuable  proper¬ 
ties  of  the  dry  tularemia  vaccine  contributed  to  the  fact  that  at  the 
present  time  it  is  considered  the  best  of  the  tularemia  vaccines  which 
have  been  proposed*  and  in  recent  years  only  the  dry  vaccine  has  been 
used  (of  the  NIIEG  type)  in  the  USSR.  ! 
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I  In  1945,  B.  Ya.  El'bert  along  with  I.  S.  Tinker,  X.  L 

■Suchkova  and  other*  (1945,  1946,  1947)  worked  out  and  suggested  a 
percutaneous  method  of  vaccination  against  tularemia  and  prepared  a 
special  liquid  living  vaccine  (from  the  Gay  ski/  15  strain)  on  M.  S. 
Drozhevkina's  yolk  medium.  B.  Ya.  El'bert's  vaccine  had  an  advan- 
tage  over  the  liquid  vaccine  of  N.  A.  Gayskiy  in  that  when  it  was  kept 
properly  it  did  not  lose  its  immunogenic  properties  for  two  or  three 
months.  However,  the  main  and  most  valuable  clement  of  B.  Ya.  El  ¬ 
bert's  suggestion  was  the  percutaneous  method  of  vaccination,  which 
reduced  its  siu  -effects,  simplified  the  technique  of  giving  the  inocula¬ 
tion  and  made  it  possible  to  conduct  the  observation  of  the  "take"  of  th  ; 
vaccine.  At  the  end  of  1945,  B.  Ya.  El'bert,  I.  S.  Tinker,  T.  I.  Puch¬ 
kova  and  others  (1947)  vaccinated  a  considerable  numbe:  of  people  in 
foci  of  tularemia  and  obtained  good  results;  12  days  after  conducting 
the  vaccination  cases  of  tularemia  were  no  longer  observed  among  the 
inoculees. 

The  use  of  inoculations  by  the  percutaneous  method  in  anti - 
epidemic  practice  represented  a  new  stage  in  the  vaccination  of  people 
against  tularemia.  This  method  was  exceedingly  valuable  in  the  prac¬ 
tical  prophylactic  work  of  medical  workers.  Practice  has  shown  that 
the  Soviet  scientirts  N.  A.  Gayskiy,  B.  Ya.  El'bert  and  M.  M.  Fay- 
bich  succeeded  completely  in  solving  the  problem  of  the  specific  pro- 

tiylaxis  of  tularemia  and  in  preparing  highly  effective  living  tularemia, 

(  ic cine*  which  reliably  protect  people  against  disease,  vaccines  the 
;  likes  of  whicn  do  not  yet  exist  abroad.  In  the  presentation  below  we 
|  shall  deal  only  with  the  data  of  study  of  living  vaccine.  At  the  present: 
time,  the  bulk  of  it  ie  still  prepared  from  the  Gayekiy  15  (reconstitute^ 
strain, 

,  Properties  of  Living  Tularemia  Vaccines 


Liquid  Gayskiy  Vaccine  (vaccine  virus).  The  liquid  living 
Gayskiy  virus  vaccine  was  prepared  from  a  natural  suspension  of  the 
culture  by  means  of  dilution  with  sterile  physiological  saline  solution 
to  a  standard  of  50,000,000  microbes  per  cc.  The  vaccim-  was  inject 
ed  subcutaneously,  once,  in  a  dose  of  0.4-0.  5  cc  (20,000,000-  ! 

25,000,000  microbes).  For  children  Gayskiy  prepared  another  vaccine 
containing  10,090,000  microbes  per  cc.  At  ages  of  10-16  it  is  recom¬ 
mended  that  0.5  to  one  cc  of  this  (children’s)  vaccine  be  injected,  or  j 
5,000,000-10,000,000  microbes.  The  vaccination  created  a  strong  im¬ 
munity  for  a  long  time  in  the  inoculees.  According  to  the  data  of  N.  A^ 
Kazberyuk  (1949),  in  vaccination  with  the  Gayskiy  virus  vaccine  the  ab¬ 
le  rgic  skin  reactivity  was  preserved  up  to  th rcc  yc (tjie  obsjc rvatioy 
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period)  in  82  percent  of  the  inoculees.  Through  the  subsequent  obser¬ 
vations  of  V.  S.  Sil’chenko  (1952)  on  these  inoculated  persons  it  was 
found  that  after  six  years  the  allergic  skin  reactivity  amounted  to  70.6 
percent.  A  considerable  number  of  the  inoculees  lived  in  an  area  of 
existing  natural  foci  of  tularemia  and  did  not  become  sick, while  tular¬ 
emia  did  occur  among  the  persons  who  were  not  inoculated. 

The  main  defect  of  the  vaccine  was  short  longevity  (possi¬ 
bilities  of  preservation),  because  the  microbes  rapidly  died  out  in  it, 
which  led  to  a  gradual  reduction  of  the  immunogenic  properties  up  to 
the  point  of  complete  loss  of  them.  N.  D.  Altareva  (1946)  determined 
the  fact  that  after  keeping  the  mother  suspension  in  a  refrigerator  for 
40  days  its  ’’take"  was  reduced  by  23  percent,  and  after  preservation 
under  room  temperature  conditions,  by  78  percent.  As  a  result  of  thii 
it  was  necessary  to  prepare  the  vaccine  from  the  mother  suspension 
on  the  spot  or  else  ship  it  in  thermos  bottles  containing  a  packing  of  ice 
with  salt.  This  property  of  the  vaccine  created  considerable  difficulties 
in  the  organization  of  inoculations  in  foci  of  tularemia.  In  the  first  ex¬ 
perimental  inoculations  V.  V.  Kosmachevskiy  (1944)  noted  post-inocu  > 
lation  side -reactions  in  a  considerable  number  of  those  vaccinated. 
Thus,  of  50  persons  inoculated  a  general  and  local  associated  reactiot 
occurred  in  36  (72  percent);  this  included  23  in  whom  a  temperature 
elevation  from  37  to  38°  was  observed  and  three  in  which  it  went  up  to 
39°;  in  17  persons  there  was  an  enlargement  of  the  lymph  nodes  to  thu 
size  of  a  bean  and  the  size  of  a  walnut.  These  data  were  noted  in  the 
foreign  literature  (Foshay,  1950;  Jusatz,  ’952)  as  an  example  of  ex¬ 
cessive  side-effects  of  the  vaccine,  although  V.  V.  Kosmachevskiy  cor  - 
sidered  this  vaccine  harmless  to  the  inoculees  in  the  work  which  he 
published. 

Liquid  Yolk  Vaccine  of  El'bert.  In  view  of  the  fact  that  ex- 
j  perimentally  the  possibility  of  prolonged  preservation  of  living  tularera- 
;  ia  microbes  was  established  in  liquid  yolk  medium  (up  to  one  year), 

|  B.  Ya.  El'bert  utilized  this  medium  (10  percent  egg  yolk  suspension 
I  in  physiological  saline  solution)  for  the  preparation  of  a  tularemia  vac- 
{  cine;  this  had  been  proposed  by  M.  S.  Drozhevkina.  A  culture  of  the 
i  vaccine  strain  was  made  in  liquid  yolk  medium;  cultivation  assured 
i  a  high  bacterial  concentration.  The  method  of  production  was  simple, 
j  but  it  did  not  afford  the  possibility  of  accurately  dosaging  the  number 
j  of  microbes  in  a  certain  volume  of  the  preparation.  For  the  purpose 
of  producing  the  liquid  yolk  vaccine  only  the  Gayskiy  15  strain  was 


!  used. 


The  longevity  of  the  liquid  yolk  vaccine  was  first  found  to 
be  three  months,  but  in  practice  it  was  shown  that  in  the  summertime, 
particularly  when  kept  at  room  temperature,  the  vaccine  lost  its  im- 
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munogenic  properties  much  before  that  and  the  success  of  inoculation 
with  it  was  markedly  reduced.  This  led  to  the  establishment  of  a  new 
maximum  longevity  of  the  vaccine  —  two  months  --  when  kept  at  a  tern  - 
perature  of  4  to  10°.  The  inoculations  were  given  once.  On  the  skin 
of  the  arm  (in  the  upper  third)  three -four  superficial  linear  scratches 
were  made  at  a  distance  of  one -two  centimeters  from  one  another,  anc 
a  drop  of  the  vaccine  was  rubbed  into  them.  R.  Ya.  El'bert  made  it 
clear  that  in  the  inoculees,  on  the  fourth- sixth  day  at  the  site  of  injec¬ 
tion  of  the  vaccine,  specific  reactive  skin  phenomena  appeared  (see  be¬ 
low)  which  made  it  possible  to  judge  the  success  of  the  vaccination. 

In  those  inoculees  in  whom  the  vaccine  "took”  a  skin  allergic  reactivit  r 
developed  (as  determined  by  the  tularin  test),  and  somewhat  later  ag¬ 
glutinins  were  found  in  their  sera.  In  the  inoculees  a  strong  immunity 
was  elaborated  by  the  seventh- 14th  day,  which  was  confirmed  by  a  con¬ 
siderable  reduction  of  the  incidence  of  disease  among  the  inoculees  du  :■ 
ing  the  first  10  days  and  a  complete  elimination  of  cases  of  disease 
among  the  inoculees  12-14  days  after  vaccination.  These  data  were  et  - 
tablished  by  B.  Ya.  El'bert  and  coauthors  (1947)  on  a  large  number  of 
inoculees  during  a  great  outbreak  of  tularemia  in  1945.  In  view  of  the 
impossibility  of  attaining  an  exact  concentration  of  microbes  in  the 
liquid  yolk  vaccine  different  series  of  it  gave  different  degrees  of  side  - 
reactions  in  the  inoculees. 

During  the  first  few  years  of  incorporation  of  tularemia 
living  vaccines  into  practice  the  inoculations  were  basically  conducted 
with  liquid  yolk  vaccine  of  B.  Ya.  El'bert.  Only  beginning  with  1950- 
1951  were  public  health  organs  able  to  proceed  with  the  use  of  dry 
tularemia  vaccine. 

Dry  Living  Tularemia  Faybich  Vaccine  (NLTEG).  M.  M. 
Faybich  and  T.  S.  Tamarina  (1946)  used  a  method  of  drying  a  frozen 
suspension  of  vaccine  culture  in  a  special  drying  and  growth  medium 
in  a  high  degree  of  vacuum  for  the  preparation  of  dry  tularemia  vac¬ 
cine.  The  work  was  conducted  according  to  the  method  suggested  by 
M.  M,  Faybich  in  an  apparatus  worked  out  by  NIIEG  workers  R.  V. 
Karneyev,  B.  S.  Del'nik  and  others.  First,  for  the  preparation  of  M. 
M,  Faybich  vaccine,  attenuated  Gayskiy  15  strain  was  used;  later, 
strains  10  and  33  were  used  obtained  at  the  NIIEG  by  M,  M.  Faybich  j 
and  coauthors.  From  the  last  two  strains  vaccine  was  prepared  in  a  ' 
mixture  with  the  15  strain,  * 

The  advantage  of  dry  tularemia  NIIEG  vaccine  over  liquid 
Gayskiy  virus  vaccine  and  El'bert's  egg  yolk  vaccine  lay  in  the  fact 
that  in  the  former  it  was  possible  to  measure  out  a  relatively  constant 
number  of  living  microbes  in  the  preparation  and  preserve  the  vaccimi 
for  a  long  time  after  it  was  prepared.  Study  of  the  properties  of  the 
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dry  vaccine  showed  that  drying  of  cultures  of  the  vaccine  strain  leads 
to  prolonged  preservation  of  living  microbes  in  the  preparation,  wherd 
by  the  biological  titer  of  the  suspension  does  not  change.  According  tcf 
the  data  of  M.  M.  Faybich  and  T.  S.  Tamarina  (1946)  the  biological 
titer  of  the  vaccine,  equal  to  10"®  and  10"^  before  drying  did  not  chai^fc 
either  after  drying  or  a  year  after  keeping  the  vaccine  at  a  temperature 
of  2-4°  (in  vacuum-sealed  ampules).  (For  the  purpose  of  determining 
the  biological  titer  of  the  vaccine  it  was  diluted  by  10,  100,  etc.  times , 
and  from  every  dilution  a  culture  was  made  in  test-tubes  with  coagu¬ 
lated  egg  yolk  medium;  the  titer  was  established  by  the  least  dilution 
which  showed  growth  of  the  culture.  At  the  present  time,  a  better 
method  for  determining  the  number  of  living  bacteria  in  the  vaccine  is | 
used  --  minimum  dilutions  are  plated  out  on  petri  dishes  containing 
Yemel'yanova  medium  (see  Chapter  III),  and  the  number  of  colonies 
which  grow  out  are  counted.  Simultaneously,  consideration  is  given  t<) 
the  number  of  SR  and  R  colonies,  that  is,  of  the  immunogenic  O  (Vi) 
and  non -immunogenic  O  types.  This  permits  a  very  accurate  evalua¬ 
tion  of  the  quality  of  the  vaccine).  Keeping  the  vaccine  at  a  higher  tem¬ 
perature  led  to  a  reduction  in  the  number  of  living  microbes:  at  a  term  • 
perature  of  18°  the  biological  titer  after  350  days  dropped  to  10"*  and 
10"®,  and  at  a  temperature  of  26°  the  same  reduction  in  the  biological 
titer  was  observed  after  75-90  days. 

A.  D.  Zlatkovskiy  used  a  dry  vaccine  for  the  vaccination 
a  year  after  its  preparation  (with  observance  of  a  routine  of  keeping  it) 
and  in  all  the  inoculees  he  observed  the  appearance  of  allergic  skin 
reactivity  attesting  to  the  "take"  of  the  vaccine  and  the  occurrence  of 
immunity  in  the  inoculees.  In  this  way  it  was  established  that  dry  tu-j 
laremia  NIIEG  vaccine  when  kept  to  the  cold  preserves  its  immunogeni- 
ic  properties  for  two  years.  The  vaccine  can  be  kept  at  room  tempera¬ 
ture  also  (from  18  to  20°),  but  its  longevity  is  reduced  to  300  days. 
Considering  the  fact  that  a  temperature  routine  is  not  maintained 
everywhere  in  keeping  the  vaccine,  at  the  present  time  a  one-year 
longevity  period  for  the  vaccine  has  been  established  (the  maximum 
permissible  time  it  can  be  kept  before  using  it)  under  conditions  of 
preservation  at  a  temperature  of  4  to  10°. 

After  experiments  on  animals  M.  M.  Faybich  proceeded 
with  the  study  of  the  effect  of  dry  vaccine  on  people.  Fifty-two  volun^ 
teers  were  vaccinated;  the  vaccine  was  given  to  them  subcutaneously) 
in  doses  of  7,500,000  and  250,000,000  microbes.  Then,  more  than 
30,000  persons  were  inoculated  who  were  given  from  12,  500,000  to 
25,000,000  microbes  (according  to  the  GKI  standard).  The  observa¬ 
tions  showed  that  doses  of  vaccine  containing  up  to  50,000,000  microbes 
are  well  tolerated  and  produce  a  slight  local  reaction  and  in  rare  casei 
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a  febrile  and  slight  regional  lymph  node  reactions.  The  doses  which 
do  not  exceed  25*000,000  microbes*  even  in  those  who  have  had  the 
disease*  do  not  produce  any  marked  allergic  reaction.  On  the  basis 
of  these  observations  it  was  determined  that  the  optimum  dose  (pro* 
due  in  g  a  good  immunizatory  effect  and  not  causing  any  pronounced  side* 
effects)  fer  people  after  subcutaneous  injection  is  12*500,000-25,000,000 
microbes.  Subsequently,  it  was  determined  that  for  percutaneous  im¬ 
munization  the  vaccine  should  contain  2,000*000,000  microbes  per  cc 
Recently,  as  the  result  of  the  incorporation  of  strains  with  a  partially 
increased  activity  into  vaccine  production  (the  Gayskiy  15  reconstitute^, 
strain  and  the  Yemel'yanova  155)  as  well  as  because  of  an  improve¬ 
ment  in  the  technology  of  preparing  the  vaccine  and  methods  of  testing 
it  this  standard  has  been  reduced  to  1*000,000,000  microbes  per  cc 
(O.  S.  Yemel'yanova,  1957). 

First,  the  dry  NELEG  vaccine  was  prepared  for  subcutane¬ 
ous  injection.  Before  vaccination  the  contents  of  the  ampule  (the  dry 
microbe  mass)  were  diluted  with  sterile  physiological  saline  solution 
(in  the  volume  indicated  oil  the  label  of  the  ampule).  The  dose  of  the 
diluted  preparation  injected  was  0.5-one  cc,  which  amounts  to  12*500,OG)b 
25*000,000  microbes  according  to  the  GK1  standard.  Beginning  with 
1946  the  NI1EG  begrn  to  put  out  vaccine  for  percutaneous  use.  In  this 
method  it  was  recommended  that  two  or  three  drops  of  the  vaccine  be 
applied  to  the  skin  of  the  middle  third  of  the  arm,  and  through  these 
drops  two  or  three  parallel  scratches  be  made.  In  the  case  of  mass 
inoculations  the  dry  NUEG  vaccine  assured  a  higher  "take"  (see  below) 
after  percutaneous  use  but  also  caused  side -effects  in  a  somewhat 
larger  number  of  inoculees  than  did  the  liquid  yolk  vaccine  (particular¬ 
ly  since  it  was  applied  to  the  skin  in  a  larger  quantity  than  the  yolk 
vaccine). 


"Take"  of  the  Vaccine 


A  study  of  the  properties  of  living  tularemia  vaccine*  both 
liquid  and  dry,  showed  that  they  "took"  in  a  high  percentage  of  cases. 
B,  Ya.  El'bert  (1946),  using  liquid  yolk  vaccine  shortly  after  its  prepl 
aration,  noted  98-99  percent  success.  A.  V.  Mashkov  (1947),  using  | 
the  vaccine  two  days  after  it  was  produced*  obtained  99  percent  sue-  | 
cess •  In  other  materials  published  the  most  varied  data  are  presented 
on  the  degree  of  "take"  of  the  liquid  vaccine.  Yu.  A.  Myasnikov,  V.  i 
S.  Sil'chenko,  M.  I.  Tsareva,  M.  F.  Shmuter,  V.  A.  Yudenich  and  I 
others  noted  success  of  vaccination  in  85-96  percent  of  the  inoculees;  I 
Ye.  A.  Dem'yanov,  in  63  percent;  G.  P.  Uglovoy,  I.  N.  Mayskiy  ana 
others,  in  one  of  the  regions  observed  an  exceptionally  low  "take"  --  { 
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from  zero  to  52  percent.  According  to  the  summarized  data  of  N.  G. 
Olsuf'yev  (1953)  the  success  of  the  liquid  yolk  vaccine  amounted  to 
85. 1  percent  on  the  average.  As  was  made  clear,  various  cases  of 
poor  success  with  the  liquid  yolk  vaccine  depended  on  the  fact  that  it 
had  been  kept  in  the  warm,  on  the  utilization  of  vaccine  series  in  whic  1 
the  longevity  had  been  exceeded,  violations  of  the  inoculation  technique, 
particularly  treatment  of  the  skin  with  strong-acting  disinfectants 
(chloramine,  iodine  and  others),  etc.  (V.  S.  Sil'chenko,  1953). 

With  the  use  of  the  dry  NIIEG  tularemia  vaccine  more  uni* 
form  indices  of  good  success  were  obtained  with  it,  attesting  to  the 
stability  of  the  preparation,  better  preservation  of  immunogenic  prop* 
erties  under  the  same  preservation  conditions  as  the  liquid  vaccine. 

N.  G.  Olsuf'yev  (1953),  after  generalizing  on  a  large  number  of  obser* 
vat  ion  b  of  different  authors,  pointed  out  that  the  success  of  dry  tular¬ 
emia  vaccine  amounts  to  97.9  percent,  on  the  average,  v,  rying  within 
limits  of  93.  5-100  percent.  Even  these  indices  for  the  dry  vaccine 
are  evidence  of  its  superiority  over  the  liquid  yolk  vaccine.  In  1954- 
1955  a  certain  reduction  in  the  success  of  the  dry  vaccine  was  noted, 
which  N.  G.  Olsuf'yev  and  coauthors  (1958)  tied  in  with  a  reduction  in 
the  residual  virulence  of  the  Gayskiy  15  vaccine  strain.  After  the  val  ¬ 
uable  properties  of  the  Gayskiy  15  vaccine  strain  had  been  restored  in 
the  tularemia  laboratory  of  the  IEM  imeni  Gamaleya  and  the  new  155 
Yamel'yanova  strain  had  been  incorporated  into  production  and  there 
had  been  an  improvement  in  the  technique  of  vaccine  production  the 
success  of  inoculation  with  this  preparation  reached  98-100  percent 
(Table  23). 

i  B.  Ya.  El'bert  pointed  out  that  in  the  percutaneous  methoc 

of  vaccination  the  success  of  inoculations  with  the  vaccine  is  readily 
determined  by  the  development  of  a  post-inoculation  reaction  on  the 
skin  (at  the  site  of  application  of  the  vaccine)  consisting  of  the  appear¬ 
ance  of  reddening  of  the  skin,  swelling  and  small  vesicles  which  were 
then  covered  by  crusts  in  the  areas  of  scarification.  Further  observa 
|tions  by  V.  S.  Sil'chenko  (1948,  1953),  G.  P.  Uglovoy  and  coauthors 
i(1953),  Y.  A.  Yudcnich  (1953)  and  others  confirmed  these  data.  Thes 
■  authors  in  cases  of  successful  vaccination  observed  the  successive 
development  of  local  skin  post -inoculation  phenomena.  During  the  firi 
two  or  three  days  on  the  skin  there  were  traces  of  scratches  made  dur 
ing  vaccination.  On  the  fourth ->sixth  day  (less  often,  somewhat  later, 
up  to  the  eighth-  10th  day)  the  skin  at  the  inoculation  site  became  red 
lend  swollen.  At  the  site  of  the  scratches  small  raised  margins  were 
jformed  which  were  elevated  above  the  skin  surrounding  them  (Fig  70). 1 
•  The  areas  of  swelling  and  hyperemia  were  of  different  sizes  --  from 
(0. 5  to  one-two  cer  Umeters.  During  this  period  in  the  majority  of 
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1.  Type  of  vaccine;  2.  Author;  3.  Year  of  observation;  4.  Number  of 
inoculees;  5.  Success  of  inoculation*  %;  6.  Liquid  yolk;  7.  Same;  8. 
Dry  NUEG;  9*  Dry  IEM  imeni  Gamaleya;  10,  Dry  1EM  imeni  Gamaley 
(from  the  Gayskiy  15  reconstituted  otrain);  11.  Dry  IEM  imeni  Gamal 
eyji  (from  the.  155.  strain);  Jit*  .Y.*j5uSillchcnkn;  1 3.  ..ELA»  Kazberyuk;., 
{legend  continued  next  pagej 
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/legend  continued  ium  previous  pagej  14,  Ye.  A.  Dem'yanov;  15. 

N.  G.  Olsuf'yev  (composite  data);  16.  V.  S.  S Il'chenko;  17.  G.  P.  Ug 
lovoy;  18.  A.  P.  Kul'ba;  19.  L.  S.  Matveyets;  20.  N.  G.  Olsuf'yev; 
21.  S.  S.  Aref'yev;  22.  V.  S.  Sil'chenko  and  others;  23.  N.  G.  Olsuf' 
ycv,  O.  S.  Yemel'yanova,  Y.  S.  Sil'chenko,  Yu.  A.  My&snikov  and 
others;  24.  More  than. 


inoculees  a  sensation  of  itching  of  the  skin  in  the  area  where  the  vac¬ 
cine  reaction  develops  occurred.  In  the  sixth-  10th  day  hyperemia  and 
swelling  are  intensified;  the  area  of  them  is  expanded.  At  the  tops  <  f 
the  raised  margins  small  vesicles  can  appear  --  vesicles  the  size  of 
a  pinhead  to  the  size  of  a  grain  of  millet.  On  the  lCth-15th  day  the 
vesicles  become  confluent  and  are  converted  into  pustules  (in  some 
cases  the  development  of  vesicles  occurs  without  a  transition  into  pus* 
tules).  On  the  12th-19th  day  phenomena  of  inflammation  (redness, 
swelling)  are  notably  reduced.  The  vesicles  and  pustules  begin  to  be 
covered  with  scabs.  At  the  site  of  the  former  large  confluent  vesicles 
an  eschar  is  formed  (Fig  71).  At  this  time,  at  the  site  of  the  pustules 
a  small  infiltrate  is  found  which  is  gradually  resorbed.  The  scabs  re¬ 
main  for  five- 10  days,  and  then  fall  off,  and  a  small  whitish  scar  or 
spot  (depigmented)  remains  in  place  of  them  on  the  skin.  In  a  number 
of  inoculees  the  scabs  remain  somewhat  longer,  ^  articularly  when  an 
eschar  Is  formed  (until  the  30th -40th  day  after  the  time  of  inoculation)^ 
The  entire  developmental  cycls  of  the  post -inoculation  skin 
phenomena  lasts  from  20  to  40  days.  Thi  degxee  of  expression  and  ths 
duration  of  these  reactions  depend  on  the  degree  of  reactivity  of  the 
body  and  the  skin  characteristics  of  the  inoculees.  Increased  skin  sex  - 
sitivity  can  also  be  explained  by  the  fact  that  In  some  inoculees,  on  th<  i 
sixth-  15th  day  individual  vesicles  appear  on  fixe  skin  at  some  distance 
from  the  scratches  but  in  the  area  into  which  the  vaccine  has  been 
rubbed.  I.  L.  Martinovskiy  (1953)  observed  the  quite  frequent  occur¬ 
rence  of  such  additional  reactions  (in  20,  7  percent)  in  the  inoculees; 
they  were  located  at  a  distance  of  0, 2-nlne  centimeters  from  the 
scratches.  The  author  relates  their  occurrence  to  rubbing  in  and 
smearing  of  the  vaccine  with  the  clothing. 

The  times  that  have  given  for  the  development  of  the 
*  post-inoculation  skir.  reactions  in  part  of  the  inoculees  show  deviation » 

!  in  the  direction  of  a  reduction  or  lengthening  (see  below).  It  must  be 
.  supposed  thAt  in  addition  to  the  reactivo  characteristics  of  the  bodies 
,  of  the  persons  vaccinated  overdosage  of  the  vaccine  may  be  of  signifi- 

of  the  reac  • 


jj.ance  here  (acceleration  and  greater  degree  of  expression 
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; Fig  7C.  Skin  Reaction  on  the  Fifth 
I  D&>  after  Vaccination  (Photograph 
‘byG.  F.  Uglovoy). 


Fig  71.  Formation  of  Scabs  at 
the  Site  of  Skin  Inoculation  on  tH 
15th  Day  after  Vaccination 
(Photograph  by  G.  P.  Uglovoy). 


jtion)  or  ♦he  use  of  a  vaccine  with  a  reduced  number  of  living  bacteria 
as  a  result  of  their  partial  extinction  after  long  and  incorrect  preserve - 
'  Hon  of  the  preparation  (later  occurrence  and  weaker  expression  of  thd 
|  reactions).  B.  Ya.  El 'bert  (1945-1946)  considers  the  skin  response  t4 
'the  injection  ot  vaccine  the  main  index  of  the  vaccine  process  and,  | 
j  therefore,  of  the  success  of  immunisation.  Other  authors  also  make  ! 

;  the  skin  inoculation  reaction  the  basis  for  evaluation  of  success  of  vac)* 

‘  cination.  j 

1  In  the  majority  of  the  inoculees  shortly  after  vaccination  ] 


I 
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the  occurrence  of  pronounced  skin  inoculation  reactions  occurs  which 
is  evidence  of  the  fact  that  the  vaccine  has  "taken".  In  a  certain  num-l 
ber  of  the  inoculees  these  changes  are  poorly  expressed  and  appear 
later.  Against  the  background  of  slight  hyperemia  and  slight  swelling 
in  the  area  of  scratches  the  individual  small  vesicles  can  be  discerned! 
with  difficulty.  However,  as  the  investigations  showed,  the  distinctnej 
of  the  skin  reaction  depends  not  only  on  the  quality  and  quantity  of  vac* 
cine  applied  to  the  skin  but  also  on  the  reactivity  of  the  bodies  of  the 
inoculees.  In  various  inoculees  and  in  the  presence  of  slight  skin  re- 
active  phenomena  a  quite  strong  and  stable  immunity  can  be  created. 

In  doubtful  cases  the  best  method  of  checking  on  the  success  of  the  vac]* 
cination  is  the  performance  of  the  percutaneous  or  intradermal  te.it 
with  tularin.  The  presence  of  an  allergic  reaction  in  the  subjects  there¬ 
by  is  evidence  of  an  immunological  reorganization  of  the  body  (as  the 
result  of  vaccination  or  of  having  had  tularemia).  The  observations 
showed  that  in  all  people  in  whom  skin  inoculation  reactions  were  ob¬ 
served  allergic  reactivity  of  the  body  also  occurs  and,  therefore,  the 
test  with  tularin  (percutaneous  or  intradermal)  will  give  a  positive  re-j 
1  suit. 

I  The  time  of  occurrence  and  development  of  the  post-inoculja- 

tion  skin  phenomena,  according  to  the  data  of  the  majority  of  authors, 
is  the  same.  B.  Ya.  El'bert  (1946),  as  a  rule,  noted  that  these  reac-j 
tions  occurred  on  the  fourth  day  after  inoculation  and  obtained  their 
maximum  degree  of  expression  on  the  fifth-sixth  day.  Yu.  A.  Myasnif 
kov,  V.  S.  Sil'chenko,  M.  I.  Tsareva,  V.  A.  Yudenich  (1953)  also 
noted  the  development  of  skin  reactions  in  the  majority  of  inoculees 
beginning  with  the  fourth-fifth  day,  but  simultaneously  they  observed 
their  later  occurrence  in  part  of  the  subjects:  on  the  sixth-eighth  dayj 
In  eight-nine  percent  they  even  occurred  on  the  iOth-lith  day.  Ex¬ 
tremely  rarely  these  reactions  occurred  later  (on  the  20th  day  or  iate^), 
j  which  has  been  reported  by  M.  F.  Shmutor  (1953).  In  the  past  these 
'data  constituted  the  basis  for  recommending  a  check  on  the  success  of! 
{vaccination  in  the  period  between  the  12th-15th  day  and  a  second  check 
I  on  the  20th-22nd  day  in  those  inoculees  in  whom  th  i  skin  vaccination 
J  reaction  was  absent  or  indistinct  at  the  time  of  the  first  examination. 

I  At  the  same  time,  for  the  purpose  of  checking  the  success  of  the  vac-| 

.  cine  in  revaccination,  considering  the  occurrence  of  an  allergic  reac-i 
j  tion  in  the  inoculees  (with  the  presence  of  immunity)  in  the  early  peri-; 
od  -•  on  the  second-third  day  (see  "re vaccination"  section),  a  check 
!  of  those  revaccinated  was  recommended  on  the  second-fifth  day.  Thorls- 
jfore,  in  conducting  the  inoculations  in  an  area  of  natural  foci  and  in 
places  where  inoculations  were  conducted  previously  the  inoculees  hat 
'to  be  checked  up  to  three  times  --  on  the  second-fifth,  12th- 15th,  and 
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20th- 22nd  days. 

After  O.  S.  Yemel'yanova  (1957)  succeeded  in  restoring 
the  immunogenic  properties  to  the  Gayskiy  15  vaccine  strain  and  ob¬ 
taining  the  new  155  vaccine  strain  the  tularemia  vaccine  prepared  from 
these  strains  began  to  give  clear-cut  skin  reactions  after  percutaneous 
application  in  the  great  majority  of  persons  vaccinated,  as  early  as  on 
the  fifth -eighth  day,  and  in  persons  who  were  re  vaccinated,  after  two 
days  (Table  29). 

Table  29 

Time  of  Appearance  of  Skin  Inoculation  Reaction  in  Those  Vaccinated 
and  Revaccinated  with  the  Vaccine  Prepared  from  the  Reconstituted 
Gayskiy  15  and  Yemel'yanova  155  Strains 
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According  to  the  data  of  a  mass  check  made  in  1958  by  the 
tularemia  laboratory  of  the  IEM  imeni  Gamaleya  in  conjunction  with 
peripheral  institutions.  1.  Groups;  2.  Total;  3.  of  persons  with 
skin  inoculation  reaction  after:  4.  Days;  5.  Vaccinated  persons;  6, 
Revaccinated  persons. 


|  The  decision  was  made  to  conduct  a  single  check  of  the  in-j 

|  oculecs  (both  vaccinated  and  revaccinatcd)  in  the  period  between  the 
!  fifth  and  seventh  days.  A  second  check  between  the  12th  and  15th  days 
|  was  given  only  to  thooe  vaccinated  persons  (approximately  seven- 10  | 

;  percent)  In  whom  there  were  negative  or  doubtful  results  at  the  time  j 
I  of  the  first  check.  S 


Vaccination  Technique 


I 


Dry  tularemia  NX1EG  vaccine  was  prepared  both  for  percut> 
'taneous  and  subcutaneous  methods  of  vaccination.  Recently,  the  inocil 
*  lations  have  been  given  exclusively  pcrcutancously;  therefore,  we 
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shall  discuss  the  technique  of  vaccination  by  this  method  only.  The 
technique  is  extremely  simple  and  similar  to  vaccination  against  smaT  - 
pox.  The  dry  vaccine  is  put  out  in  glass  sealed  ampules,  and  a  solven: 
(distilled  water)  prepared  in  a  sterile  manner  is  appended  to  it  (in  sep 
arate  ampules). 

Directly  before  beginning  the  inoculations  the  vaccine  is  di  - 
luted;  for  this  purpose  the  neck  of  the  ampule  containing  the  vaccine 
is  nicked  with  a  file,  rubbed  in  alcohol  and  cautiously  flamed  over  a 
burned  so  that  the  ampule  contents  (dry  vaccine)  are  not  heated.  In  the 
same  way  the  ampule  is  also  treated  with  the  solvent.  Then,  the  necku. 
of  both  ampules  are  broken  off,  and  distilled  water  is  transferred  to  ti  e 
ampule  containing  dry  vaccine  by  means  of  a  sterile  syringe  in  a  quan¬ 
tity  indicated  on  the  label  of  the  ampule;  the  ampule  containing  these 
contents  is  shaken  until  a  homogeneous  suspension  is  obtained,  and  th< 
vaccine  is  ready  for  use. 

The  inoculation  is  usually  given  on  the  outer  surface  of  the 
middle  third  of  the  left  arm.  At  the  site  of  the  inoculation  the  skin  is 
first  cleaned  with  alcohol  and  then  disinfected  with  ether.  However, 
in  practical  work  the  skin  is  usually  treated  with  alcohol  alone.  When 
alcohol  or  ether  evaporates  a  single  drop  of  vaccine  is  applied  with  an 
eyedropper  in  each  of  two  places  at  a  distance  of  three -four  centimet¬ 
ers  from  each  other  (a  total  of  two  drops).  Then,  in  each  area  of  skir 
on  which  the  drop  of  vaccine  has  been  applied  two  parallel  scratches 
i  0.8-one  centimeter  in  length  each  are  made  with  a  vaccination  quill. 

In  all,  therefore,  four  scratches  are  made  and  two  drops  of  vaccine 
are  used  per  person.  The  scratches  should  be  made  superficially  but 
not  so  shallow  (and  short)  as  is  now  done  for  smallpox  vaccination;  the 
scratches  should  be  applied  until  small  droplets  of  blood  appear  (but 
not  excessive  bleeding).  Scratches  more  than  one  centimeter  in  lengti 
should  not  be  made,  because  this  can  lead  to  excessive  reactions. 

Then,  with  a  glass  rod  or  the  flat  side  of  the  vaccination  quill  the  vac¬ 
cine  is  rubbed  into  the  scratches  on  the  skin  for  a  half -minute.  Care 
should  be  taken  thereby  that  the  vaccine  does  not  go  beyond  the  limits 
of  the  scratches  and  more  should  be  concentrated  in  the  area  of  them. 

!  After  this,  the  vaccinated  person  is  kept  for  five- 10  minutes  (until  the 
J  vaccine  dries  completely)  with  his  arm  exposed,  and  this  concludes 
I  the  inoculation. 

I  In  view  of  the  fact  that  after  dilution  with  physiological 

;  saline  solution  or  other  solvent  the  dry  vaccine  acquires  a  liquid  con- 
j  sistency  and  a  drop  of  it  applied  to  the  skin  is  rapidly  diffused,  some 
j  authors  recommend  applying  the  drop  of  vaccine  after  the  scratches 
'  have  been  made,  rather  than  before,  directly  in  the  area  of  the  scratcv 


According  to  the  data  of  various  authors  both  methods  are  equival- 


207 


!  lent  and  can  be  used  in  the  practice  of  vaccination. 

h  In  the  vaccination  of  pre-school  age  children  (two-six  yeari) 

they  are  given  only  one  drop  of  the  vaccine  and  a  total  of  two  scratchet 
no  more  than  0. 5  centimeter  in  length  each  is  made.  It  is  categorical' 
ly  forbidden  to  inject  the  vaccine  for  percutaneous  application  subcu¬ 
taneously.  For  the  purpose  of  drying  the  skin  before  the  inoculation 
it  is  forbidden  to  use  strong-acting  disinfectants  (chloramine*  carbolic 
acid*  iodine  and  others)*  because  they  kill  the  living  microbes  of  the 
vaccine*  which  leads  to  a  reduction  in  the  effectiveness  of  the  inocula¬ 
tions.  As  has  been  mentioned,  alcohol  cr  ether  are  used  for  the  disin ». 
fection  or  else  a  mixture  of  alcohol  and  ether  (50  cc  of  each  substance  . 
The  alcohol  should  be  allowed  to  evaporate  until  the  skin  surface  is  dry; 
otherwise*  the  effectiveness  of  the  inoculation  can  be  reduced.  In  giv¬ 
ing  the  inoculations  it  ie  necessary  to  be  guided  strictly  by  the  printed 
instructions  inserted  into  boxes  containing  the  vaccine. 

The  technique  of  percutaneous  vaccination  is  so  simple 
that  every  well-instructed  medical  worker  can  give  the  vaccinations 
successfully  by  himself. 

Reactive  Phenomena  Associated  with  Vaccination 


At  the  time  of  the  first  check  on  the  Gayskiy  virus  vaccine 
V.  V,  Kosmachevakiy  (1944)  noted  side-effects  in  the  inoculees  which 
occurred  after  subcutaneous  injection  of  tularemia  vaccine.  A  temper¬ 
ature  elevation  occurred  in  half  of  those  inoculated;  an  enlargement 
of  the  lymph  nodes,  in  one-third;  tenderness  in  the  liver,  in  one-thir(l; 
but  all  these  phenomena  rapidly  disappeared  without  trace. 

Further  studies  of  the  side -effects  produced  by  living  tulaj:- 
emia  vaccines  showed  that  in  part  of  those  inoculated  with  both  liquid 
and  dry  vaccine  there  are  associated  reactions.  However,  in  the  pub¬ 
lished  materials  there  is  no  agreement  as  to  the  frequency  with  which] 
these  reactions  occur  and  their  degree  of  expression.  B.  Ya.  El'bertj 
(1946)  observed  slight  associated  reactions  in  eight™  10  percent  after 
percutaneous  inoculations  with  liquid  egg  yolk  vaccine:  a  slight  tem¬ 
perature  elevation  (to  37.2-37.8°)  and  a  very  transitory  pain  in  the  | 
axillary  region.  N,  G.  Olsufyev  and  coauthors  (1950)  pointed  out  that 
side -reactions  to  the  inoculation,  as  a  rule,  are  moderate  and  do  not  ! 
cause  any  loss  of  the  ability  to  work  in  those  inoculated. 

Associated  reactive  phenomena  can  be  divided  into  the  fol-j 
lowing  three  groups:  a)  general  subjective:  a  feeling  of  malaise,  de-l 
press ion,  weakness,  chill,  headaches,  nausea,  etc.;  b)  general  ob¬ 
jective:  temperature  elevation;  c)  local:  pain  in  the  axillary  region 
and  enlargement  of  the  axillary  (regional  to  the  site  of  inoculation) 
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lymph  nodes. 

The  frequency  with  which  these  reactions  occur  in  inoculees 
is  different  according  to  the  data  of  different  authors  (Table  30). 

According  to  the  data  in  Table  30  it  is  seen  that  in  the  in¬ 
oculees  there  is  a  predominance  of  subjective  phenomena  which  do  not 
trouble  them  very  much.  In  second  place  is  enlargement  of  the  lymph 
nodes  and  finally*  temperature  elevation.  Associated  reactive  phen¬ 
omena  (with  the  exception  of  lyi.-^udenitis)  usually  occur  on  the  secon  d- 
third  day  after  the  inoculation  and  much  less  often,  on  the  fourth-fifth 
day.  They  last  one -two  days  and  disappear  completely  without  trace.  • 
The  temperature  rises  to  37.2-37.6°,  and  in  rare  cases  (in  individual 
inoculees),  to  38°.  Subjective  phenomena,  as  a  rule,  are  slight;  the 
inoculees  do  not  usually  complain  of  them,  and  the  physician  learns 
about  them  only  after  detailed  questioning.  This  once  again  is  evidence 
of  the  low  degree  of  expression  of  associated  reactive  phenomena.  Nc 
loss  of  the  ability  to  work  as  the  result  of  the  pronounced  reactive 
phenomena  was  observed  by  the  majority  of  investigators  or  else  it  oc¬ 
curred  only  in  occasional  inoculees  (one-two  persons  per  2, 000-3, 00C 
inoculated),  whereby  it  lasted  one  or  two  days.  Only  G.  P.  Uglovoy 
(1953)  in  one  group  of  inoculees  observed  a  brief  loss  of  the  ability  to 
work  in  2.4-4.  5  percent  of  the  inoculees,  but  he  believes  that  p  ople 
who  in  the  past  had  had  tularemia  might  have  been  L.  the  group  of 
those  vaccinated  persons  who  showed  pronounced  side -effects.  This 
author  indicates  the  considerable  frequency  and  degree  of  expression 
of  side -reactions  in  those  who  have  had  tularemia  given  vaccination, 
which  was  confirmed  by  the  observations  of  V.  A.  Yudenich  (1954). 

Local  associated  reactions  consist  of  the  occurrence  of 
pain  in  part  of  the  inoculees;  in  another  part,  enlargement  of  the  reg- 
ional  (axillary)  lymph  nodes.  The  pain  usually  appears  on  the  third- 
seventh  day,  while  the  formation  of  axillary  lymphadenitis  occurs  on 
the  seventh-20th  day.  In  view  of  the  fact  that  the  vaccine,  as  a  rule, 
is  applied  to  the  left  arm,  lymphadenitis  usually  occurs  in  the  left 
axillary  fossa;  where  the  vaccination  was  given  in  the  right  arm  the 
occurrence  of  right-sided  lymphadenitis  was  noted.  A  feeling  of  pain 
[  (in  the  absence  of  lymphadenitis)  disappears  without  trace  after  three- 
five  days.  The  size  of  the  vaccine  lymphadenitis  varies  from  the  size 
of  a  pea  to  the  size  of  a  bean  or  cherry  and  very  rarely  larger.  In 
I  some  of  tile  inoculees  the  lymph- nodes,  after  reaching  a  certain  size 
in  the  first  few  days,  did  not  enlarge  further;  in  others,  enlargement 
j  of  the  lymph  nodes  continue  j  for  two-four  weeks.  Post-inoculation 
■  lymphadenitis  during  the  five-45  days  after  they  appear  undergoes  a 
gradual  complete  resorption  and  disappears  without  trace.  Only  in  a 
small  number  of  inoculees  does  the  complete  resolution  of  the  lyropha i- 
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Table  30 

Side -Effect  Production  of  Tularemia  Vaccines  in  the  Vaccination  of 

People  against  Tularemia 
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1.  Type  of  vaccine;  Z,  Author;  3,  Year  of  observation;  4.  Number  qf 
persons  inoculated;  5.  Percentage  of  persons  with  associated  reac¬ 
tions;  6.  This  includes;  7.  Enlargement  of  the  lymph  nodes;  8.  Sub 
jective  complaints;  9.  Temperature  elevation;  10.  Loss  of  the  ability 
to  work;  11.  Gayskiy  virus  vaccine;  12.  Liquid  egg  yolk  vaccine;  13.] 
The  same;  14.  Dry  NUEG  vaccine;  15.  Dry  Smolensk  IEM  vaccine; 
i  16.  Dry  IEM  imeni  Gamaleya  vaccine;  17.  Dry  IEM  imeni  Gamaleya 
!  vaccine  (from  the  reconstituted  15  strain);  18.  Dry  IEM  imeni  Gmaley^ 
/legend  c ontlnued' he xt  pa~g e 7  * 
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!  /legend  continued  from  previous  pagej  vaccine  (from  the  155  strain); 
19*  V.  V.  Kosmachevskiy;  20.  V.  S.  Sil'chenko;  21.  N. A. Kazberyuk 
22.  Y.  S.  Sil'chenko;  23.  G.  P.  Uglovoy;  24.  Y.  A.  Yudenich;  25. 

G.  P.  Uglovoy;  26.  A.  P.  Kul'ba;  27.  L.  S.  Matveyets;  28.  N.  G. 
Olsuf'yev,  O.  S.  Yemel'yanova,  Y.  S.  Sil'chenko  and  others;  29.  The 
same. 


enitis  fail  to  occur;  they  become  sclerotic  and,  decreasing  somewhat  ’ 
in  size,  they  are  afterwards  felt  in  the  axilla  in  the  form  of  a  dense 
nodule,  even  several  years  after  the  vaccination.  The  fibrotic  nodulen 
do  not  cause  any  trouble  to  the  inoculees;  only  occasional  persons  have 
mentioned  that  when  the  tularin  test  was  performed  they  felt  pain  in  ths 
axillary  region  with  a  certain  enlargement  of  the  lymph  node.  It  shou  d 
be  noted  that  the  vaccine  being  put  out  now,  prepared  from  the  recon¬ 
stituted  15  strain  or  155  strain,  gives  less -pronounced  associated  re¬ 
actions,  and  no  cases  of  fibrotization  of  the  buboes  is  observed. 

I  The  majority  of  investigators  dad  not  observe  cases  of  sup¬ 

puration  after  inoculation  lymphadenitis;  only  M. F.Shmuter  (1953)  re¬ 
ported  that  in  occasional  inoculees  with  very  much  enlarged  lymph 
nodes  suppuration  of  them  was  noted.  V.  S.  Sil'chenko  (1953),  G.  P. 
Uglovoy  (1953)  and  V.  A.  Yudenich  (1953)  noted  the  more  frequent  oc¬ 
currence  of  lymphadenitis  in  school-age  children  after  the  inoculation! i 
than  in  adults,  G.  P.  Uglovoy  (1953)  determined  the  fact  that  the  resc - 
lution  of  such  cases  of  lymphadenitis  in  children  occurs  more  slowly 
than  in  adults.  He  observed  lymphadenitis  in  21  percent  of  school 
children  and  in  only  12.  6  percent  of  adults  21-26  days  after  vaccination. 
There  are  reports  of  marked  post -inoculation  reactions  in  occasional 
i  inoculees  (adults). 

j  M.  F,  Shmuter  (1953)  described  a  severe  exudative  eryth- 

!  ema  in  two  inoculees.  In  them,  on  the  seventh-ninth  day  after  vaccins  - 
I  tion  plaques  filled  with  exudate  the  size  of  a  10-kopeck  coin  appeared 
!  on  the  skin  of  the  arm  (site  of  application  of  the  vaccine).  Two-five 
■  days  after  the  time  of  appearance  of  the  "first"  erythematous  eruptions 
|  new  areas  of  skin  lesions  appeared  in  the  neck,  forearm,  and  arm 
I  (the  opposite  one),  and  to  a  lesser  degree,  on  the  trunk  and  lower  ex- 
j  tremities  in  the  form  of  individual  plaques  or  areas  of  confluent  ery- 
.  thema  the  size  of  the  palm  or  larger.  Frequently,  a  symmetrical  ar¬ 
rangement  of  the  erythema  was  noted,  particularly  on  the  extremities  , 

{  Secondary  eruptions  were  accompanied  by  a  temperature  elevation  to 
j  38-39°,  and  at  the  end  of  seven- 10  days  the  temperature  dropped;  the 
i  plaques  remained  for  three  weeks.  JT^e  ajtfhACj>e USYft aJt .thfl~0£.r _ 


211 


currence  of  a  severe  reaction  in  the  inoculees  depended  on  a  pronouneqi 
allergic  state  in  these  persons  (the  existence  of  asthma)  and  believes 
that  inoculations  are  contraindicated  in  such  persons.  R.  Ya.  Bondar'1 
(1957)  observed  two  cases  of  severe  reactions  in  the  form  of  an  eleva¬ 
tion  of  body  temperature,  the  appearance  of  multiple  areas  of  skin 
erythema,  malaise,  etc.  in  two  persons  inoculated  percutaneously. 
These  phenomena  developed  in  the  third  week  after  the  inoculation  and 
should  be  related  to  the  excessive  sensitization  of  the  organism  (aller-j 
gy).  A  similar  case  of  an  allergic  reaction  (but  less  severe)  was  de¬ 
scribed  by  E.  N.  Belostotskaya  and  coauthors  (1955).  In  such  cases 
antiallergic  preparations  should  be  prescribed  (dimedrol  /benadryl J* 
vitamin  C  and  others). 

As  has  been  pointed  out  in  Chapter  IX,  increased  side-ef¬ 
fects  produced  by  dry  tularemia  vaccine  (just  as  in  the  case  of  the  Gay- 
skiy  virus  vaccine)  in  a  number  of  cases  where  the  result  of  excessive 
residual  virulence  of  the  Gayskiy  15  vaccine  strain,  particularly  during 
jthe  first  years  of  its  use  for  preparing  the  vaccine.  In  1946-1948  as¬ 
sociated  reactions  were  noted,  on  the  average,  in  32  percent  in  persons 
inoculated  percutaneously  with  the  dry  NJIEG  vaccine  and  in  24  percent 
of  those  inoculated  with  the  liquid  yolk  vaccine.  Subsequently,  with  re¬ 
duction  of  the  residual  virulence  of  the  vaccine  strain  there  is  some  rej- 
duction  in  the  side -effects  produced  by  the  tularemia  vaccine.  After 
the  original  properties  of  this  strain  had  been  reconstituted  in  the  tu¬ 
laremia  laboratory  of  the  IEM  imeni  Gamaleya  (1955),  the  side-effectc 
of  the  vaccine  were  increased  somewhat.  Subsequently,  serial  produc¬ 
tion  of  the  dry  vaccine  was  developed  which  cause  side-effects  in  no 
jmore  than  six  percent  of  the  inoculated  persons  (see  Table  30). 

A.  D.  Zlatkovskiy  and  coauthors  (1947)  relate  the  degree 

•  of  expression  of  the  body  reactions  to  inoculation  to  the  dose  of  vaccine 
| administered  during  the  vaccination.  Thus,  after  the  subcutaneous  in- 
jjection  of  50,000,000  microbes  he  observed  a  temperature  elevation  ir 

62  percent  of  the  inoculees;  after  12,500,000,  in  only  1.8  percent. 

|N.  A.  Gayskiy  and  coauthors  (1949)  and  P,  N.  Burgasov  (1950)  believ< 
'that  if  there  is  an  increase  in  the  degree  to  which  the  vaccine  is  rubbed 
‘into  the  skin  the  frequency  of  occurrence  of  axillary  lymphadenitis  is  I 

•  increased  in  the  inoculees.  I 

An  analysis  of  the  causes  of  side -reactions  in  the  inoculees 
; permits  us  to  draw  the  following  conclusions:  1)  the  main  cause  of  ! 
pronounced  reactive  phenomena  in  a  number  of  inoculees  consists  of 


!thc  constitutional  features  of  their  bodies  (increased  reactivity);  2)  in 
!  some  cases  dry  as  well  as  liquid  yolk  vaccine  have  been  produced  (sepj- 
|  a  rate  series)  with  higher  side-effect  production;  3)  improper  dilution 
of  the  dry  vaccine  (the  use  of  small  doses  of  the  solvent)  has  led  to  an 
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increased  concentration  of  microbes  in  tke  preparation  injected  at  the 
time  of  vaccination;  4)  a  larger  number  of  scratches  than  is  provided 
for  by  the  instructions  or  arbitrarily  prolongation  of  them  and  applica¬ 
tion  of  a  larger  quantity  of  vaccine  (three -four  drops  instead  of  two) 
led,  correspondingly,  to  overdosage  with  the  vaccine;  5)  inadequately 
careful  selection  of  people  before  inoculation  and  as  the  result,  the  vac 
cination  of  persons  who  had  previously  been  sick  with  tularemia  and 
those  in  whom  the  inoculations  were  contraindicated.  The  practice  of 
mass  vaccination  of  people  with  living  tularemia  vaccine  has  shown  tha 
with  observance  of  the  vaccination  technique  and  the  proper  selection 
of  people  inoculations  with  this  vaccine  occur  without  pronounced  asso* 
ciated  reactive  phenomena,  and  the  population  readily  offers  itself  for 
vaccination  against  tularemia. 

• 

]  Immunological  Reactions  in  Inoculees 


j  As  was  pointed  out  in  Chapter  IX,  B.  Ya.  El'bert  and  N.A. 

j  Gay skiy  (1941),  M.  M.  Faybich  and  T.  S.  Tamarina  (1946),  I.  N.  May- 
jskiy  (1953),  N.  G.  Olsuf'yev  (1953)  and  others,  on  the  basis  of  numer- 
Jous  experiments  on  laboratory  animals  supplemented  by  observations 
on  people,  came  to  the  conclusion  that  a  persistent  and  strong  immunity 
against  tularemia  is  elaborated  in  the  body  not  only  after  having  had  th » 
disease  but  also  after  immunization  with  living  tularemia  vaccine,  and 
the  allergic  reaction  and  agglutinins  in  the  blood  represent  the  indices 
of  immunity.  N.  A.  Gay^kiy  (1944)  pointed  out  that  the  allergic  phen¬ 
omenon  in  those  inoculated  with  living  tularemia  vaccine  is  the  main 
index  of  immunity  as  well  as  the  criterion  of  suitability  of  the  vaccine, 
correctness  of  its  dosage  and  the  effectiveness  of  tho  inoculations.  B. 
Ya.  El'bert  (1946),  based  on  the  fact  that  the  tularin  test  is  an  index  of 
!a  person's  having  had  tularemia  in  the  past  and  simultaneously  of  a 
'persistent  and  prolonged  immunity,  used  this  reaction  for  judging  the 
'specific  protection  of  inoculees  against  tularemia.  In  the  majority  of  * 
jthe  inoculees,  just  as  in  the  case  of  those  who  have  had  the  disease,  j 
Jhe  observed  a  positive  allergic  reaction.  M.  M.  Faybich  and  T.  S. 

•  Tamarina  (1946)  noted  that  living  tularemia  vaccine  in  the  inoculees  I 
j  causes  the  appearance  of  the  allergic  reaction  and  the  agglutination  red¬ 
action.  They  found  that  the  time  of  occurrence  of  the  allergic  reactiov 
jin  those  inoculated  with  dry  tularemia  vaccine  is  the  same  as  the  time 
of  appearance  of  this  reaction  in  patients  with  tularemia.  These  data 
Imade  it  possible  for  N.  A,  Gayskiy,  B.  Ya.  El'bert,  M.  M.  Faybich 
land  later  other  investigators  to  make  extensive  use  of  immunological 
!  reactions  (chiefly  the  tularin  test)  in  those  inoculated  both  for  the  de¬ 
termination  of  the  effectiveness  of  the  vaccine  and  for  the  detection  of 

......j 
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the  allergic  state  and  the  degree  of  preservation  of  immunity  in  the  in- 
oculees. 

The  Allergic  Reaction.  N.  A.  Gay  ski  y  pointed  out  that  ir. 
those  inoculated  subcutaneously  once  with  living  tularemia  vaccine  the 
allergic  reaction  increases*  beginning  with  the  first  week  after  vaccina  < 
tion  and  continuing  until  the  end  of  a  month.  Its  appearance  in  the  in- 
oculees  was  observed  beginning  with  the  fifth  day;  by  the  30th  day  it 
was  positive  in  100  percent  of  the  inoculees.  Afterwards*  the  allergy 
remained  for  quite  a  long  time.  N.  D.  Altareva  (1949)  noted  that  from 
the  second  week  to  the  end  of  a  month  the  allergic  reaction  becomes 
positive  in  all  inoculees,  building  up  in  intensity  at  this  time  and  sub¬ 
sequently  remains  at  a  high  level  for  six-six-and-a-half  years  (the  ob¬ 
servation  period). 

B.  Ya.  El'bert  and  coauthors  (1946)  reported  that  after 
percutaneous  vaccination  allergy  develops  after  five -seven  days  and  is 
positive  in  all  the  inoculees. 

M.  M.  FaybichandT.  S.  Tamarina  (1946)  found  allergic 
reactivity  of  the  skin  a  month  after  vaccination  in  all  those  vaccinated. 
Approximately  the  same  data  were  obtained  by  other  investigators  (Ta 
ble  31). 

Table  31 

Time  of  Development  of  Skin  Allergic  Reactivity  after  Inoculation 
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97.3 

92.0 

«l>,  IllMyn*p . 

pi.  A.  (O.uknh  ..... 

70,0 

06,3 

92.5 

100,0 

— 

|  1.  Author;  2.  %  of  people  with  allergic  reactivity  after:  3.  Days;  4.  N 
,A.  Kasberyuk;  5.  M.  A.  Miroshnichenko;  6.  V.S.Sil'chenko;  7.  M.X. 
Ttareva;  8.  M.F.Shmuter;  9.  Y.  A,  Yudenich.  ' 


|  The  majority  of  investigators  has  come  to  the  following  coh- 

|  elusions:  1)  in  those  inoculated  with  both  dry  and  liquid  living  tularem  • 

■  ia  vaccine,  beginning  with  the  first  week  after  inoculation*  an  allergic 
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reorganization  of  the  body  develops  which  at  the  end  of  the  month  is 
well  expressed  in  almost  all  persons  vaccinated  and  is  readily  deter¬ 
mined  by  means  of  the  tularin  test;  2)  the  presence  of  an  allergic  reac  - 
tion  in  the  inoculees  makes  it  possible  to  us^  extensively  the  tularin 
test  method  for  determining  immunological  reorganization  of  the  body 
after  vaccination. 

The  majority  of  authors,  in  the  performance  of  the  Intra- 
dermal  test,  have  used  the  generally  accepted  method,  injecting  0. 1 
cc  of  tularin.  In  the  literature  there  are  recommendations  that  larger 
doses  be  used.  P.  N.  Burgasov  (1949)  believes  that  for  the  purpose  o;  ■ 
detecting  the  allergic  reaction  in  those  inoculated  it  is  necessary  to 
inject  five  or  even  10  times  these  doses  of  tularin.  M.  L.  Khanin 
(1950)  used  tularin  in  a  dose  of  0.2  cc.  M.  S.  Vasil'yeva  and  coauthois 
(1952)  injected  the  inoculees  with  0.  2-0.  3  cc  of  tularin  and  thereby  ob- 
tained  pronounced  associated  reactions. 

In  generalizing  on  the  considerable  material  (numbering 
tens  of  thousands  of  inoculees)  on  the  use  of  tularin  according  to  the 

of  0. 1  cc 


j  generally  accepted  method  we  can  state  that  tularin  in  a  dose  of  0. 1  cc 
!  gives  clear-cut  and  very  distinct  results  for  judging  the  presence  and 
degree  of  preservation  of  the  allergic  skin  reactivity  in  the  inoculees. 
Having  observed  a  general  body  reaction  and  the  presence  of  necrosis 
of  the  skin  (temperature  elevation  to  38°  or  higher,  swelling  of  the  re-j 
gional  lymph  nodes,  etc.)  even  after  the  injection  of  0. 1  cc  of  tularin  [ 
in  a  number  of  inoculees,  we  consider  increase  in  the  dose  of  tularin 
inadvisable  for  intradermal  injection  in  order  to  avoid  more  pronounced 
reactions.  Recently,  the  method  of  the  intradermal  tularin  test  has  b<  - 
gun  to  be  used  extensively  for  the  demonstration  of  the  segment  of  the 
j  population  immune  to  tularemia.  Intradermal  injection  of  tularin  in 
I  mass  investigations  is  difficult  because  of  the  relative  complexity  of 
J  this  method  (work  with  a  syringe)  and  the  general  associated  reactionsj 
encountered  thereby,  which  lead  to  refusal  of  the  examination  (particu¬ 
larly  a  second  one)  by  a  number  of  people. 

|  According  to  the  data  of  X.  N.  Mayskiy  (1953),  on  examine* 

I  tion  of  the  inoculees  nine  months  after  vaccination,  in  10  percent  of  th  i 
j  persons  necrosis  of  the  tissues  was  noted  at  the  site  of  intradermal 
;  injection  of  tularin;  in  three  percent,  a  chill  with  a  temperature  eleva¬ 
tion  to  38°;  in  14  percent,  malaise  and  headaches;  in  29  percent,  a  < 

!  densification  and  flight  enlargement  of  the  regional  lymph  nodes. 

This  brings  to  mind  the  percutaneous  method  of  the  tularin 
>  test  suggested  by  A.  A.  Vol'ferts  (1954)  and  undeservedly  forgotten, 

!  N.  A.  Popov  and  coauthors  (1953,  1958)  and  then  N.  C.  Qlsuf'yev  and 
!  coauthors  (1955,  1958)  conducted  the  testing  of  percutaneous  tularin  on 
!a  larger  scale  than  A.  A.  Vol'ferts,  L.  M.  Khatenever  and  others,  anil 
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in  1955,  on  the  suggestion  of  N.  G.  Olsuf'yev,  V.  P.  Borodin,  A.  P. 
Koroleva,  Yu.  A,  Myasnikov,  A.  M.  Prudnikova,  O.  V.  Ravdonika*, 

Y.  S.  Sil'chenko,  A.  M.  Sorina,  L.  N.  Tormasova  and  others  (1956) 
investigated  more  than  8,000  inoculees,  who  had  been  sick  with  tular¬ 
emia  as  well  as  those  who  had  not  b^en  sick  and  had  not  been  inoculated 
(with  the  aim  of  a  control),  by  means  of  percutaneous  tularin.  There-! 
by,  the  excellent  effect  of  percutaneous  use  of  tularin  was  established 
for  the  detection  of  the  allergic  skin  reactivity,  and  the  results  of  ap¬ 
plication  of  percutaneous  tests  coincided  with  those  of  intradermal  testjs 
and  there  was  a  considerable  reduction  of  side -reactions  from  the  per- 
formance  of  the  percutaneous  tests.  According  to  the  data  of  these 
authors,  on  the  examination  of  3,867  inoculees  (one-eight  years  after 
vaccination)  a  positive  skin  allergic  test  was  obtained  in  91.2  percent; 
side -reactions  were  noted  in  a  total  of  1.8  percent,  whereby  necrosis 
was  not  found  in  a  single  case  at  the  site  of  application  of  tularin  to  the{ 

I  skin.  The  performance  of  percutaneous  tests  with  tularin  in  people 
(who  had  not  been  sick  with  tularemia  in  the  past  and  who  had  not 
been  inoculated  gave  a  negative  result,  which  when  a  positive  reaction ! 
was  obtained  in  inoculees  and  in  those  who  had  had  tularemia  confirmed 
the  specificity  of  the  preparation,  N.  G.  Olsuf'yev  and  coauthors  (195E|) 
recommended  that  tularin  be  applied  to  the  skin  of  the  middle  third  of 
the  arm  (left  arm),  because  this  area  is  less  traumatized  and  contam-j 
inated  than  the  forearm,  where  some  investigators  have  performed  th<{ 
test  according  to  the  principle  of  the  Pirquet  test. 

!  The  fully  successful  testing  of  percutaneous  f'Hrin  on  a 

(large  number  of  inoculees  afforded  the  basis  for  investigators  to  recoift- 
(mend  it  for  use  instead  of  the  intradermal  method  in  general  practice 
:for  mass  studies  of  the  population  for  detecting  the  immune  segment, 
.determination  of  the  effectiveness  of  vaccination,  and  solution  of  the 
problem  of  the  need  for  giving  re  vaccination.  At  the  present  time,  pejr- 

•  cutaneous  tularin,  produced  by  the  IEM  imeni  Gamaloya,  is  used  ex-  ; 

tensively  by  medical  workers.  ( 

{  N.  A.  Kasberyuk  and  coauthors  (1956)  and  I.  L.  Martinev-4 

Jskiy  (1956)  recommend  that  living  tularemia  vaccine  be  used  instead  ot 

•  tularin  for  checking  the  immune  state  of  the  organism  with  the  aim  of  ! 

! determining  the  immune  segment  among  the  inoculees,  applying  a  ing^e 
'drop  of  vaccine  to  the  skin  of  the  arm  and  making  two  scratches  through 
| it.  They  give  as  the  reasons  for  their  suggestion  the  degree  of  expres¬ 
sion  and  frequency  of  side -reactions  observed  in  inoculees  after  the  i 
i performance  of  the  intradermal  test,  the  greater  sensitivity  of  living 
;  vaccine  as  an  allergen  (N.  A.  Kazbcryuk)  as  well  as  the  fact  that  in 
!  performing  tests  with  the  vaccine  simultaneously  immunization  of  peo<j 
pie  with  reduced  immunity  and  non-immune  persons  occurs.  j 
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This  suggestion  was  not  supported,  chiefly  because  of  the 
fact  that  among  the  numbers  of  those  being  tested  there  would  be  per¬ 
sons  who  had  had  tularemia  in  whom  an  increased  allergic  reactivity 
is  noted  to  injection  of  the  living  vaccine  (V.  S.  Sil'chenko,  1957;  N.  G. 
Olsuf'yev,  1958).  On  the  other  hand,  in  non-immune  persons  the  injec 
tion  of  half  the  dose  of  vaccine  (one  drop)  cannot  create  a  full-scale  im 
munity,  which  requires  the  /evaccination  of  certain  persons  in  a  short 
er  period  than  five  years.  The  use  of  live  tularemia  vaccine  as  an  al¬ 
lergen  can  be  justified  to  some  degree  in  the  presence  of  the  consider¬ 
able  side -effect  production  of  intrade rmal  tularin,  causing  pronounced 
reactions  in  part  of  the  inoculees  and  particularly  in  those  who  have  had 
jthe  disease.  After  the  testing  and  incorporation  of  percutaneous  tulariji 
jinto  practice,  a  preparation  which  produces  practically  no  side-effects 
!in  the  inoculated  persons  and  which  causes  slight  reactions  in  those  whb 
:have  had  tularemia,  the  suggestion  of  N.  A.  Kazberyuk  and  I.  L.  Mar-j 
tinevskiy  that  living  tularemia  vaccine  be  used  as  an  allergen  cannot  b^ 
accepted. 

Above  it  has  been  noted  that  the  allergic  skin  reactivity  of 
jinoculees  is  preserved  for  a  long  time,  which  goes  into  years.  The 
founders  of  vaccination  against  tularemia  with  living  vaccines,  B.  Ya. 
El'bert  and  N.  A.  Gayskiy,  believe  that  the  allergic  reorganization  inj 
the  inoculees  is  preserved  for  three -five -aad-a -half  years  after  vaccin 
ation  (the  observation  period).  Further  investigations  have  not  only  con 
firmed  these  data  but  have  also  determined  the  fact  that  in  a  consider-* 
able  number  of  those  inoculated  the  allergic  reactivity  is  found  even 
later  (Table  32).  ! 

V.  S,  Sil'chenko  (1956)  examined  133  persons  10  years  aftqr 
jvaccination,  and  in  76.8  percent  found  preservation  of  the  allergic  skh| 

! reactivity,  whereby  in  a  considerable  number  of  the  inoculees  it  was 
.well  expressed  (from  0. 5  to  three  centimeters). 

|  In  the  press  works  have  been  published  in  which  it  has  beer 

stated  that  in  the  inoculees  the  skin  allergic  react! vity  is  quite  rapidly 
lost.  M.  S.  Vasil'yeva  and  coauthors  (1952)  found  an  allergic  reaction} 
in  only  71  percent  of  the  inoculees  a  month  after  vaccination;  in  50  per¬ 
cent,  after  six  months;  in  only  10  percent,  after  a  year.  R.  Ya.  Cher- 
jnina  (1950)  did  not  obtain  a  positive  allergic  reaction  15  months  after 

’  .  m  _  A  m  ft  m  A  It  Mk  Ai  m  «k  ft  ft  ft  _  ft 


inoculation  in  a  single  person  inoculated,  R.  Ya.  Bondar*  and  coauthop 


((1952)  found  an  allergic  reaction  in  only  50,2  percent  of  the  inoculated 
persons  examined  10  months  after  vaccination.  2n  all  cases,  people  ! 
were  checked  who  had  been  inoculated  with  the  liquid  yolk  vaccine.  It  I 
must  be  supposed  that  the  data  of  R.  Ya.  Chemina,  R.  Ya.  Bondar*  arpi 
M.  S.  Vasil'yeva  and  others  concerning  the  rapid  extinction  of  the  al¬ 
lergic  reactivity  in  the  inoculees  were  the  result  of  application  of  an 
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Table  32 


Duration  of  Preservation  of  Allergic  Skin  Reactivity  after  Inoculation 


!»  fliojcft  c  xoHoioft  a.i.icpnmccKOfl  pc*KTH*iic>cTh>o  wpta: 


Asrop  \y 

2  roa^Sj 

1  3  roa{*, 

*  4roa& 

6  ,i(^|  • 

A.  Miinounm- 

v  wiiku . 

— 

99,5 

100,0 

100,0 

— 

— 

— 

JO.  A.  Miiciiiikob 

_ 

— 

— 

100,0 

— 

i  — 

— 

Jt.  ClMbMCHKO 

98,7 

98,2 

96,3 

02,0 

90,5 

89,1 

1  83,3 

il.  Vl.iubOU 

! 

roilBT . 

— 

81.4 

75,2 

— 

—  ! 

58.3 

/.  It.  Viviooou  .  . 

92,2 

87,4 

86,4 

— 

82.3 

75.4 

h\.  11.  Uopusa  .  . 

— 

1U0.0 

100,0 

100,0 

— 

— 

— 

Ut.  A.  .  . 

90,6 

88,0 

84,2 

73.3 

l 

1 

|l.  Author;  2.  %  of  people  with  allergic  skin  reactivity  after:  3.  Year(s) 
4.  M.  A.  Miroshnichenko;  5.  Yu.  A.  Myasnikov;  6.  V.  S.  Sil'chenko 
7.  G,  P.  Uglovoy  and  coauthors;  8.  G.  P.  Uglovoy;  9.  M.  1.  Tsareva  ; 
10.  V,  A.  Yudonich. 


[incomplete  vaccine  which  had  partially  lost  its  immunogenic  properties 
land  in  some  cases  as  the  result  of  untimely  application  of  it  or  incor¬ 
rect  vaccination  technique.  This  was  confirmed  by  tho  data  of  R.  Ya. 
.Chernina,  who  used  two-  and  three-months-old  vaccine  which  gave  a 
[total  of  41  percent  successes  of  vaccination.  This  is  also  indicated  by 
'Observations  of  G.  P.  Uglovoy  and  coauthors  (1953)  who  obtained  the 
jmost  heterogeneous  result  from  the  invostig&tion  of  persons  inoculatec 
with  liquid  vaccine  in  a  period  of  one-and-a-half  to  eight  months  after 
[vaccination.  According  to  his  data*  after  inoculations  performed  cor- 
: rectly  with  fresh  vaccine  by  workers  of  the  tularemia-control  station, 
the  allergic  reaction  was  noted  in  82  percent  of  the  inoculees  at  the 
[time  of  the  check;  when  the  inoculations  were  given  by  local  medical  [ 
■workers  the  number  of  persons  reacting  positively  to  tularin  dropped  tp 
•eero. 

,  During  the  course  of  observation  of  the  allergic  reactivity  I 

[in  the  inoculees  it  was  determined  that  at  the  end  of  two  years  and  more 
jthe  degree  of  expression  of  the  allergic  skin  test  (according  to  the  area 
,of  hyperemia  and  infiltration)  decreases  (Table  33).  | 

From  Table  33  it  is  seen  that  In  the  course  of  time  the.  rum! - 
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ber  of  persons  who  have  a  pronounced  positive  allergic  ekin  test  de¬ 
creases;  at  the  same  time,  there  is  an  increase  in  the  number  of  per¬ 
sons  inoculated  who  have  a  less -pronounced  reaction  (0.  S-one  centime  - 
er).  However,  in  a  number  of  inoculees  even  in  the  remote  periods  af  • 
ter  inoculation  (four- 10  /ears)  the  reaction  remained  quite  distinct,  and 
the  performance  of  the  percutaneous  or  intradermal  test  with  tularin  ii 
some  of  them  was  associated  with  a  pronounced  general  reaction  of  the 
body,  that  is,  it  occurred  in  the  same  way  as  in  those  who  had  previou  i- 
ly  had  tularemia.  This  speaks  for  the  fact  that  we  cannot  differentiate 
inoculees  from  those  who  have  had  tularemia  by  the  allergic  reaction 
alone. 

!  Table  33 


, Degree  c£  Expression  of  Allergic  Reaction  to  the  Intradermal  Injection 
! of  Tularin  in  Those  Inoculated  at  Different  Times  after  Vaccination 
I  (after  V.  S.  Sil'chenko) 


hi  C)*m  iipoBepxH 

%  :j«a  c 

iii!ra<ciiniioCTi>K>  praKitini  (y Macron  iiowpac- 
lirilUII  M  OTeMKOCTH  It  CM> 

iiocjic  HaKnunamiH 

0,6 

1 

2 

3 

4 

N  donuM/g 

0,9 

4.6 

20,8 

ia.« 

;ji,7 

40,6 

28.1 

25,5 

30,2 

32,7 

23.9 

8,4 

- 

25.2 

14.3 

i 

1.  Time  of  check  after  vaccination;  2.  %  of  persons  with  the  followingj 
reaction  intensity  (area  of  reddening  and  edema  in  centimeters);  3,  Oz| 


,msre;  4  Days;  5.  Years. 


jThere  are  data  in  existence  which  indicate  the  lesser  persistence  of  thp 
! immunological  reorganization  of  the  body  in  children  from  seven  to  14 ! 
jyeari.  of  a"e  inoculated  against  tularemia.  In  them  an  earlier  extinction 
of  the  allergic  skin  reactivity  is  observed  than  in  adults  (Table  34)  and| 
<an  earlier  extinction  of  the  agglutination  reaction  (see  below)*  ! 

j  It  would  te  taken  into  consideration  that  in  part  of  the  in-  ' 

oculees  the  allergic  reaction  to  tularin  does  not  appear  in  the  first  24  | 
[hours,  as  occurs  shortly  after  vaccination,  but  rather  after  36-48  hourb 
( during  the  performance  of  the  percutaneous  and  intradermal  tests  with! 
jtularin  in  the  remote  periods  after  vaccination  (two-three  years  or  J 
more).  In  these  cases  a  doubtful  or  what  is  considered  to  be  a  negatiyje 
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Table  34 


Com  pa  retire  Data  on  Time  ol  Preservation  of  Allergic  Reactivity  in 
Children  and  Adults  Inoculated  against  Tularemia 

-  VA'S  i 


* 

r: 


0  ASTOP 

0L 

oayOjia* 

NOMHM 

SET 

m&nio- 

Seims 

(roxM) 

silt  C  KOtMHOt 
fd.1  MJWprBwesoS 
pmrrRBMoeruo 

Ik).  A.  Muchhkos  .  . 

1853 

1 

90.8 

85,0—100,0 

V.  H.  RoH.wpfc  .  .  . 

1854 

2 

34.3 

83.2 

HI.  A.  UasfcpioK  .  . 

1853 

2 

67.0 

76,1 

11.  V r.ioBok  .  .  . 

1858 

6 

65,0 

75,0 

jjl.  <:,  CjL-lbSCHKO  .  . 

1856 

8 

73,8 

86,4 

1.  Author;  2.  Year  of  publication;  3.  Observation  period  (years);  4. 

%  of  persons  with  allergic  skin  reactivity;  5.  Children;  6.  Adults;  7. 
Yu.  A.  Myasnikov;  8,  R.  Ya,  Bondar1;  9.  N.  A,  Kazberyuk;  10.  G.F. 
Uglovoy;  11.  Y.  S.  Sil'chenko.  | 


test  becomes  quite  distinct  at  48  hours.  This  should  be  taken  into  con 
jsideration  in  the  performance  of  percutaneous  and  intradermal  tests 
i  with  tularin;  the  check  of  the  results  (reading  of  the  reaction)  should 
I  be  made  twice:  after  24  and  after  48  hours.  Without  observance  of 
.this  rule  au  error  may  be  made  in  the  evaluation  of  the  presence  of  im| 
jmunity  in  the  inoculees. 

With  respect  to  the  problem  of  comparative  evaluation  of  ' 

| the  effectiveness  of  percutaneous  and  subcutaneous  methods  of  applica 
jtion  of  the  vaccine  in* people  we  can  present  the  data  of  M.  L.  Khanin 
|  (1950),  who  used  the  dry  NxIEG  vaccine.  According  to  his  material, 
jamong  persons  inoculated  percutaneously  93.8  percent  reacted  positivj; 
jly  to  tularin  at  the  end  of  the  year  (114  persons  were  checked),  while 
jamong  those  inoculated  subcutaneously  78. 1  percent  reacted  at  the  i 
time  of  a  check  made  after  six  months  (32  persons  were  checked).  I 
Based  on  these  data,  Khanin  considers  the  percutaneous  method  of  vati¬ 
cination  more  effective.  Similar  results  were  obtained  by  A.  A.  Selei- 
neva  (1949).  In  the  group  of  persons  vaccinated  percutaneously  85.  6 
percent  reacted  to  tularin  after  six  months;  in  the  group  of  those  vac-j 
cinated  subcutaneously,  75  percent.  The  groups  included  200  and  400 
j  persons  each  who  had  been  inoculated  with  the  NUEG  vaccine.  The 
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agglutination  tost  was  positive  after  six  months  in  30  percent  of  the 
first  group}  the  serum  titers  amounted  to  1:5-1:40}  in  the  second  gro 
19  percent}  the  serum  titers  were  1:10-1:20.  A  year  after  the  inocu¬ 
lations  in  file  group  of  those  vaccinated  subcutaneously  only  69*  9  per¬ 
cent  reacted  to  tularin;  in  the  group  of  those  inoculated  percutaneous!  r, 
the  data  on  the  number  of  those  reacting  to  tularin  after  a  year  were 
not  reported. 

Agglutination  Test.  As  has  been  determined  by  B.  Ya.  £1  - 
bert  and  N.  A.  Gay skiy  (1941) ,  M.  M.  Faybich  and  T.  S.  Tamarina 
(1946)  and  others*  in  those  inoculated  with  living  tularemia  vaccine  an  , 
allergic  reorganization  of  the  body  occurs  and  agglutinins  are  found  in 
the  blood*  but  the  latter  appear  somewhat  later  than  the  occurrence  of 
allergic  reactivity.  B.  Ya.  El'bert  and  coauthors  (1947)  found  agglut~ 
inins  in  the  inoculees  beginning  with  the  17th  day  after  vaccination. 
According  to  his  data*  on  the  50th  day  the  agglutination  test  was  posi¬ 
tive  in  99.3  percent  of  the  inoculees*  whereby  the  serum  titers  varied 
from  1:20  to  1:1280.  N.  A.  Uayskiy  (1947)  found  agglutinins  in  the 
blood  of  inoculees  beginning  with  the  20th  day  after  vaccination*  and 
by  the  30th  day  they  were  found  in  all  inoculees}  in  part  of  them  (sev¬ 
en  percent)  the  agglutination  titer  was  high  (1:1000).  M.  M.  Faybich 
and  T.  S.  Tamarina  (1946)  a  month  after  vaccination  alBo  observed  this 
agglutination  reaction  in  ail  the  inoculees.  N.  G.  Olsuf'yev  (1953)  ac4 
cording  to  materials  of  a  number  of  tularemia-control  stations*  points 
ed  out  that  one -three  months  after  vaccination  agglutinins  are  found  in 
the  blood  in  all  those  who  have  been  inoculated  with  a  positive  result* 
usually  in  a  titer  of  1:50-1:100*  less  often*  1:400  and  higher. 

According  to  the  data  of  Y.  S.  Sil'chenko,  V.  A.  Yudenich 
and  others*  agglutinins  in  a  titer  of  1:50-1:100  begin  to  be  found  in* the 
blood  of  inoculees  on  the  ninth- 10th  day  after  vaccination*  and  by  the 
,  21st-25th  day  they  are  found  in  90-92  percent  (Table  35).  These  data 
j  are  in  full  agreement  with  the  results  obtained  by  N.  A.  Gayskiy*  B. 

!  Ya.  El'bert  and  M.  M.  Faybich.  An  exception  is  constituted  only  by 
|  the  observations  of  A.  A.  Selezneva  (1948)*  who  found  agglutinins  in 
i  the  inoculees  in  exceptionally  early  periods  after  vaccination,  as  early 
j  as  on  the  second-third  day.  The  serum  titer*  true  enough*  was  low  ai 
J  this  time,  1:5-1:80.  It  may  be  supposed  that  this  was  the  result  of  1 
•  subcutaneous  injection  of  the  dry  NIIEG  vaccine  which  possessed  quite 
|  a  high  degree  of  activity.  In  the  literature  no  such  early  periods  of 
’  detection  of  agglutinins  in  the  serum  of  inoculees  have  been  published! 

I  by  other  authors. 

j  The  development  of  the  positive  agglutination  test  in  the  ir  - 

oculees  occurs  in  the  same  way  as  in  patients  with  tularemia*  lagging 
[only  with  respect  to  the  degree  of  its  expression.  B.  Ya.  El'bert  and 
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Table  35 


Time  of  Appearance  of  Agglutination  Reaction  after  Inoculation 
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Note.  The  plus  sign  indicates  the  time  (beginning)  of  the 
examination  and  the  obtaining  of  a  positive  reaction*  1.  Author;  2. 

%  of  people  with  agglutinins  after:  3.  Days;  4.  N.  A.  Kazberyuk;  5. 
A.  A.  Selezneva;  6.  Y.  S.  Sil'chenko;  7.  M.  F.  Shmuter;  8.  Y.  A. 
Yudenich. 


(coauthors  (1947),  investigating  inoculees  and  patients  with  tularemia,  | 
noted  that  in  the  inoculees  by  and  large  a  moderate  agglutination  reac-i 
tion  is  observed  --  in  70  percent  the  serum  titer  does  not  exceed  1:1 6Q; 
in  the  persons  who  have  had  tularemia,  on  the  other  hand,  about  70  j 
percent  have  reactions  with  high  agglutination  titers  (1:640  and  higher], 
which  has  found  confirmation  in  the  observations  of  subsequent  author* 
l(V,  S.  Sil'chenko,  1953,  and  others).  In  those  inoculated,  as  well  as 
|  in  patients  with  tularemia,  the  blood  agglutinins  appear  in  the  first 
week  after  vaccination,  but  they  are  found  in  a  titer  of  1:50-1:100  or 
{  higher  only  in  the  second-third  week.  At  the  end  of  the  fifth-seventh 
;  week  the  agglutination  titer  reaches  a  maximum  and  then  begins  to  fall , 

I  However,  final  appearance  of  the  agglutinins  in  the  inoculees  does  not; 
j  occur  quickly,  and  the  reaction,  true  enough  in  low  titers  --  1:10-1:100 
I  (less  often,  1:200  or  higher)  --is  found  several  years  after  the  vac-  ; 

I  cination  (Table  36). 

Therefore,  agglutinins  in  the  blood  of  the  inoculees  are 
found  six  years  after  vaccination,  and  according  to  recent  data  (Y.  S. 
^Sil'chenko,  1957)  even  after  eight-and-a-half  years.  This  should  be 
|  taken  into  consideration  by  physicians  making  the  diagnosis  of  tulareir  - 
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Table  36 
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Length  of  Time  Agglutinins  are  Found  in  the  Blood  after  Inoculation 


Arropw  0 

%  srq  e  ■rr.iWTSHStians  *c|m: 

trow 

S  rasa 

im. 

1  MT 

'"fi 

HI.  A.  Kaa6cp»K . 

1  ”  ’Ci 

72,6 

64,7 

- 

m.  Jl.  MapnutoscKsfi  .  .  . 

85,7 

85,4 

— 

89,6 

a\  il.  Vr;tOBOM  C  COAST.  .  . 

70,0 

— 

— 

— 

1  1 

“ 

fo.  C.  Csju.iuiiko . 

84,6 

68, i 

81,9 

56,8 

52,0 

48,8 

B.  CnocapoHKo  a  C.  I\  By- 
w  mo 

.  r 

-  1 

45,0 

— 

fit.  JI.  Xaiisu . 

88,6 

76,1 

— 

— 

pi.  a>.  nikjyTop . 

ro.  A.  IOaoium . 

06.2 

83,4 

76.1 

77,0 

6L2 

S2.9 

— 

i 

1 

« 


1.  Authors!  2.  %  of  persons  with  agglutinins  after:  3.  Year(s);  4. 

N.  A.  Kaaberyuk;  5.  I.  L.  Martinevskiy;  6.  G.  P.  Uglovoy  and  co¬ 
authors;  7.  V.  S.  S Il'chenko}  8.  V.  V.  Slesarenko  and  S.  G.  Buyalo; 
9.  M.  L.  Khan  in;  10.  M.  F.  Shmuter;  11.  V.  A.  Yudenich. 


jemia  (in  the  USSR  tens  of  millions  have  been  inoculated)  and  the  dura¬ 
tion  of  preservation  of  agglutinins  in  the  blood  of  some  of  them,  a  phyi  • 
jician  very  often  can  encounter  a  positive  agglutination  test  in  a  patient 
’being  examined  (with  the  tularemia  diagnosticum).  Therefore,  a  singlje 
'positive  agglutination  test  alone  in  a  low  titer  in  the  absence  of  epi- 
j  demiological  or  clinical  data  cannot  serve  as  a  criterion  for  making 
the  diagnosis  of  tularemia.  For  the  correctness  of  differentiation  of 
tularemia  from  other  diseases  a  second  performance  of  the  test  (it 
should  be  performed  two  or  more  times)  is  needed  for  checking  on  the 
increase  in  the  agglutinin  titer  (see  also  Chapter  VIII),  l 

The  characteristics  of  the  agglutination  test  in  children  in4 
oculated  against  tularemia  have  been  studied  by  only  occasional  author's 
They  have  noted  that  this  reaction,  just  like  the  skin  allergic  reactivity, 
iis  extinguished  earlier  in  children  than  in  adults.  N.  A.  Kasberyuk 
i  (1953),  two  years  after  vaccination,  found  agglutinins  in  the  blood  of 
•  adults  in  64.7  percent  of  the  cases;  in  children,  in  only  51.6  percent 
of  the  cases  checked.  Whereas  in  the  adults  the  agglutination  titers  oj| 
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the  ien\  reached  1:80,  in  children  they  did  not  exceed  1:40.  As  hae 
been  indicated  above,  the  skin  allergic  reactivity  in  the  inoculeee  ie 
preserved  lor  a  longer  time  than  agglutinins  can  be  found  in  the  blood 
(Table  37). 

Table  37 

Length  of  Time  the  Agglutination  and  Allergic  Reactions  are  Main¬ 
tained  after  Inoculation 
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1.  Time  of  checking:  2,  %  of  persons  in  whom  the  following  were 
found:  3.  Allergic  reaction  according  to  the  data  of:  4.  Agglutination 
reaction  according  to  the  data  of:  5,  V,  5.  Sil'chenko;  6.  V.  A,  Yudejn 
ich}  7.  Up  to;  8.  Months;  8.  Year;  10.  Years. 


Six  years  after  vaccination  the  allergic  reaction  in  the  in- 
oculees  is  encountered  two  times  more  often  than  the  agglutination  re¬ 
action.  These  data  are  evidence  of  the  fact  that  agglutinins  in  the  bloc  d 
of  inoculeee  stop  being  found  somewhat  earlier  than  the  skin  allergic 
reactivity  is  extinguished.  However,  as  has  been  indicated  previously, 
in  a  number  of  persons  inoculated  agglutinins  can  be  found  in  the  blooc 
even  at  the  end  of  six-eight  years.  Therefore,  by  means  of  the  agglu-j 
tination  test  alone  or  the  allergic  test  alone  it  is  impossible  to  differ-! 
entiate  inoculeee  from  those  who  have  had  tularemia  in  the  past,  al-  ' 
though  in  the  latter  the  agglutination  titer  of  the  serum  is  higher  (dur¬ 
ing  the  first  few  months  after  the  disease)  as  a  rule.  For  this,  it  is 
necessary  to  analyse  the  data  of  the  history  and  epidemiology  and  to 
have  a  good  registration  of  those  inoculated  against  tularemia.  In  the , 
course  of  time  the  agglutination  titer  of  the  sera  in  the  inoculeee  (Just 
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*■  in  those  who  have  had  the  disease)  decreases  and  the  relatively  higt 
quantities  of  antibodies  found  in  the  first  months  after  vaccination  are 
no  longer  observed  (Table  38). 

Table  38 

Changes  in  the  Agglutination  Titer  of  Sera  in  Xnoculees  in  the  Remote 

Periods  after  Vaccixation 


ArrapM 


oay6> 

jmw»> 

mmm  *  mw 


CwsRM  rwrpu  ctnafeme 


I  tpm  *  rssi 


<5>ncy,'Sr,T":  194. 

yi)l.  B.  Ooc*  panto  s 

(\7  C-  T.  Bysrn  .  .  .  1W1 

>  ®».  A.  lOjwnw  .  .  .  IKfl 
7fS\  n.  Vrnosoi  ...  1853 

(W|,  Jl.  MnpnmMritsA  1855 
XHl.  A.  Keafiopw*  .  .  1853 
Apl.  d>.  Illuyrup  .  .  .  18 >3 
'Jot.  C.  ('auwiin.  .  18*3 
rQl.  A.  Msponsseoeico  18j3 
wl.  C.  Mstbomi  •  eo* 

IS  sir . M 


1:8ft- 
t  s  Id* 


1:38- 

1:108 


1:320 


1:38- 

1:40 


1:128  - 


1:81 

1:M 

1:184 

1:221 


1:7ft 

1:33 

1:41 

1:114 

1:74 


1:58 

1:33 

1:13 

1:86 


-  I  I 


1:10- 

1:38 

1:35 


i 

-\ 

A 

-  % 


:  10— 
1:80 


;  i.  Authors;  2.  Year  of  publication;  3.  Average  serum  titers  after: 
j  4.  Month;  5.  Year(s);  6.  R.  Ya.  Bondar*  and  coauthors;  7.  I.  S.  Tin¬ 
ker  and  T.  I.  Puchkova;  8.  V.  V.  Slesarenko  and  5.  G,  Buyalo;  9. 

|V.  A.  Yudenich;  10.  O.  P.  Uglovoy;  11.  L  L.  Martinevskiy;  12.  N. 
IA.  Kasberyuk;  13.  M.F.Shmuter;  14,  V.  S,  Sil'chenkoj  15.  M.  A.  j 
j  Miroshnichenko;  16.  L.  S.  Matveyets  and  coauthors. 


!  Therefore,  agglutination  titers  in  the  inoculees  docreaee  j 

I  from  year  to  year,  and  at  the  end  of  the  observation  period  (five  year4) 

1  agglutinins  are  found  in  the  majority  of  Inoculees  in  serum  dilutions  of 
1 1:10-1:50.  Therefore,  the  agglutination  test  can  be  used  as  on  auxil-  j 
|  lory  method  for  determining  the  duration  of  the  immunological  reorgah- 
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The  Opsonocytophagic  Reaction.  Baaed  on  the  atatementa 
made  by  L.  M.  Khatenever  (1943),  A.  F.  Bilibin  (1943)  and  others  cox  - 
cerning  the  essential  importance  of  phagocytosis  in  the  infectious  proc  • 
ess  (in  tularemia)  and  the  increase  of  the  intensity  of  the  phagocytic 
reaction  during  the  course  of  vaccine  therapy  of  patients  with  tularemi 
some  authors  have  used  the  opsonocytophagic  test  for  determining  the 
time  of  occurrence  of  immunity  and  the  preservation  of  it  in  those  in* 
oculated  with  tularemia  vaccines.  N.  A.  Gayskiy  and  coauthors  (1947* 
established  the  fact  that  the  phagocytic  reaction  in  the  inoculees  ap¬ 
pears  early,  almost  simultaneously  with  the  allergic  reaction,  begin¬ 
ning  with  the  third  day  after  vaccination.  During  the  first  two  weeks 
it  is  slightly  positive;  after  30  days  it  in  marked  in  all  inoculees.  Lat <■ 
er,  N.  A.  Gayskiy  and  coauthors  (1949)  noted  that  after  30  days  the  op* 
sonocytophagic  reaction  is  positive  in  92  percent  of  the  inoculees.  | 

Afterwards,  the  opsonocytophagic  reaction  in  the  inoculeea 
lwas  studied  by  N.  D.  Altareva  (1949),  M.  L.  Khanin  (1950),  Y.  A. 
j  Yudenich  (1954)  and  others.  Xt  was  noted  that  this  reaction  is  found  in 
(the  inoculees  up  to  six -and-a -half  years  after  vaccination  (the  observe - 
Ition  period),  whereby  after  three  years  it  is  positive  in  more  than  80 
percent  of  the  persons  investigated. 

We  should  like  to  note  that  the  technique  of  performing  the 
opsonocytophagic  reaction  is  more  complicated  than  that  of  the  intra- 
dermal  test  and  particularly  more  complicated  than  that  of  the  percu¬ 
taneous  test  with  tularin,  as  the  result  of  which  this  test,  which  is  of 
;  definite  scientific  research  interest,  cannot  be  used  on  a  broad  scale. : 

The  Complement- Fixation  Test.  The  complement-fixation] 
test  in  inoculees  was  studied  by  X.  N.  Mayskiy  (1949)  and  V.  A.  Yudenj- 
ich  (1953),  They  established  its  earlier  appearance  than  the  ogglutinaf’ 
ition  reaction  and  they  found  that  it  appears  in  higher  titers  (three  times 
i or  more).  Xn  noting  the  considerable  advantages  of  the  complement-  | 
(fixation  test,  its  higher  degree  of  sensitivity,  making  it  possible  to  de¬ 
tect  minimum  quantities  of  antibodies  in  the  sera  of  inoculees,  the 
(authors  point  out  the  complexity  of  performance  of  the  test  which  inter¬ 
feres  with  utilisation  of  it  in  general  practice. 


Hematologic  Changes  after  Vaccination 


I  Blood  changes  occurring  in  people  as  the  result  of  vaccina^ 

tion  have  been  studied  by  only  occasional  authors.  By  and  large,  they* 

J  consist  of  moderate  leukocytosis,  monocytosis,  and  acceleration  of  ( 
the  sedimentation  rate.  X.  L.  Martins vskiy  (1953),  examining  inocu-  | 
'lees  on  the  10th,  17th  and  24th  days  after  vaccination,  noted  a  certain  j 
increase  in  lymphocytes,  monocytes  and  .eosinophils  inlhe.  differenJ 
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till  count.  The  lyznphocytosie  increased  until  the  24th  day,  and  in 
various  inoculees  (2. 6  percent)  reached  32-35  percent.  He  observed 
the  appearance  of  Turk's  cells  in  the  blood.  N.  A.  Kasberyuk  (1953) 
points  to  a  relative  increase  in  the  lymphocyte  count  with  a  certain  re* 
duction  in  the  neutrophil  count.  The  erythrocyte  sedimentation  reac¬ 
tion  was  accelerated.  L.  I.  Rod 'kina  (1954)  observed  a  slight  leuko¬ 
penia,  increase  of  the  lymphocytes  (to  40-60  percent)  with  simultaneoi  s 
reduction  in  the  segmented  neutrophils  (on  the  average,  to  48  percent) 
the  monocyte  a  count  was  slightly  increased  or  remained  unchanged. 

The  sedimentation  rate  in  part  of  the  inoculees  was  accelerated.  V.A  . 
Yudenich  (1953)  noted  a  slight  leukocytosis  and  increase  in  the  number 
of  monocytes  to  15-18  percent  from  the  fifth  through  the  30th  day  after 
vaccination  in  tee  case  of  positive  inoculations.  ' 

Therefore,  changes  in  the  blood  of  the  Inoculees  (lympho¬ 
cytosis,  increased  sedimentation  rate  and  others)  somewhat  resemble  j 
the  changes  observed  in  patients  with  tularemia  but  are  less  pronounced 


Epidemiological  Effectiveness  of  Vaccination 

The  Antiepidemic  Effectiveness  of  Vaccination.  N.  A.  Ga  r 
skiy,  in  1942-1943,  used  living  virus  vaccine  in  foci  of  tularemia  in 
Kasakhstan,  Kirovskaya  and  Voroneshskaya  oblasts.  The  inoculations 
were  given  at  a  time  when  outbreaks  of  tularemia  had  already  subside* 
and  only  occasional  fresh  cases  among  people  were  recorded.  During 
thie  period,  in  various  inhabited  places  the  majority  of  inhabitants  fro:  i 
five  to  56  years  of  age  was  inoculated ,  Thu  fact  that  the  inoculations 
were  actually  given  after  the  outbreak  had  stopped  did  not  permit  N  A, 

•  Gayskiy  to  make  observations  of  tee  prophylactic  effectiveness  of  the 
vaccination,  but  it  was  still  noted  that  after  the  vaccination  had  been 
conducted  there  were  no  cases  among  the  inoculees.  In  one  inhabited 
place  where  the  vaccination  was  given,  cases  of  tularemia  again  ap¬ 
peared  after  eight-nine  months,  but  there  were  no  cases  among  the  in* 


{oculeee. 

j  A  more  distinct  effect  of  vaccination  in  foci  of  tularemia  { 

•  is  found  in  the  report  of  B.  Ya.  El*bert,  who  along  with  I*  8.  Tinker,  I 
iT.  I,  Pushkova  and  others,  in  1945,  organised  inoculations  against  j 
tularemia  in  24  inhabited  places  (B.  Ya.  El'bert  and  coauthors,  194?)J 
j  Inoculations  and  observations  of  their  effectiveness  were  conducted  at* 
‘the  time  of  a  developing  agricultural  outbreak  of  tularemia.  People  ! 

>  who  were  most  exposed  to  tee  danger  of  infection  were  included  in  tee  j 
'.vaccination  (agricultural  workers).  After  the  conclusion  of  vaccinatioh 
{there  were  only  isolated  cases  of  tularemia  among  the  inoculees  in  the 
,  first  two  weeks  (that  is,  at  a  time  when  an  adequately  strong  immunity 
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had  not  been  created  as  yet  in  the  inoculees).  In  all,  0. 63  percent  of 
the  inoculeea  became  nick  and  4. 3  percent  among  the  persona  who  wer  i 
not  inoculated.  In  two  kolkhozes  almost  complete  vaccination  was  ac¬ 
complished  which  aborted  an  outbreak.  This  was  the  first  experience 
in  the  extensive  study  of  the  antiepidemic  effect  of  living  tularemia  va<  - 
cine,  which  conf'/r^ed  the  high  value  of  vaccination  of  people  during  at 
epidemic  outbreak  of  tularemia.  A  very  clear-cut  antiepidemic  effect 
of  the  inoculations  was  then  established  in  outbreaks  of  arthropod-bori  e 
tularemia  (V,  P«  Borodin,  1950,  1958),  water-borne  (A.  A.  Selesneva , 
1948),  agricultural  and  domestic  (V .  A.  Yudenich,  1957)  as  well  as 
other  types.  Y.  S.  Sil'chenko  (1952)  clarified  the  fact  that  mass  inocu- 
]  lations  against  tularemia  conducted  directly  before  the  occurrence  of 
I  an  outbreak  completely  protect  people  against  the  disease,  and  inocu- 
|  lations  conducted  at  the  beginning  or  at  the  time  of  a  developing  out- 

•  break  completely  stop  the  cases  of  disease  among  people  in  the  next 
12-15  days.  We  should  like  to  present  striking  examples  of  the  anti- 
epidemic  effectiveness  of  vaccination  according  to  our  observations  in 
Voroneshskaya  Oblast  in  1946-1953. 

1.  In  the  winter,  in  one  of  the  kolkhozes  of  Paninskiy  Ray • 
cn,  on  the  third-fifth  day  of  threshing  cereal  crops  which  were  in  stadfs 
in  the  field,  group  "influenza -like"  cases  occurred  among  the  partici¬ 
pants.  On  detailed  investigation  of  the  patients  tularemia  was  found. 

In  the  stacks  a  large  number  of  sick  rodents  (common  voles)  and  their 
bodies  were  found.  The  threshing  was  temporarily  stopped.  After 
complete  vaccination  of  the  population  of  the  kolkhoz  was  carried  out  j 
threshing  of  the  grain  from  the  same  stacks  was  started  again.  De-  j 
spite  the  fact  that  the  epizootic  among  rodents  had  assumed  an  even  j 
1  greater  scale  and  the  number  of  dead  bodies  increased  there  were  no  j 

•  more  cases  among  the  participants  of  the  threshing  who  had  been  in- 

.  oculated  (fig  72).  j 

j  2.  In  Povorinskly  Rayon  on  the  territory  of  one  inhabited  • 

place  a  tularemia  epizootic  occurred  among  mouse -tike  rodents  which) 
(were  in  the  stacks,  ricks  and  on  tha  barnyard  floors  where  the  thresh  j 
:  ing  had  been  carried  out.  Cultures  of  the  tularemia  pathogen  were  ! 

\  isolated  from  the  rodents  which  died.  Whereas  among  the  uninoculated 
;  the  majority  of  members  of  the  brigade  became  sick  with  tularemia,  | 
.of  2 Z  Inoculated  persons  (vaccination  was  carried  out  three  months  be- 
1  fore  beginning  threshing)  no  one  became  sick. 

3.  In  one  of  tbs  villages  of  Mikhaylovskiy  Rayon  toward 
I  autumn  a  large  number  of  mouse -like  rodents  appeared.  In  October 
‘  a  tularemia  epizootic  was  found  among  them.  Shortly  after,  cases  of 
|  tularemia  began  to  be  recorded  among  people  who  had  been  in  contact 
.with  agricultural  pigd^s^ JW tog^j^rjod,of  JhfUtoU** . 
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Fig  72.  Effectiveness  of  Vaccina-  Fig  73.  Effectiveness  of  Vacl 
tlon  During  Outbreak  of  the  Agri-  cination  in  an  Outbre  ak  of  the  I 

cultural  (Threshing)  type.  1.  Uor-  Domestic  Type.  Tularemia  I 
bidity  rate;  2.  Vaccinations  3.  morbidity  rate  (1)  and  vaccinj 

;  Days.  ation  (2)  compared  with  the  | 

morbidity  rate  in  another  pia<|e 
where  no  vaccination  was  carf- 
ried  out  (3).  4.  Days.  j 

*  I 

|  population  of  the  village  was  inoculated  with  liquid  yolk  vaccine.  Dur-i 
«  ing  the  first  two  weeks  after  the  completion  of  vaccination  only  isolated 
J  cases  of  tularemia  were  found  among  the  inoculees;  after  this  time,  | 

I  not  a  single  case  of  tularemia  was  detected.  In  the  nearby  inhabited 
.  places,  where  vaccination  was  not  carried  out  in  time  tularemia  was  ] 

*  observed  among  people  for  a  number  of  months  afterwards  (Fig  73).  j 

I  4.  In  two  adjacent  rayons  —  Borinskiy  and  Vasll'yevskiy  .. 

I  the  same  epidemiological  situation  was  created:  *  large  number  of  I 
common  voles  and  house  mice  appeared  not  only  in  the  fields  but  also  j 

*  in  inhabited  places,  la  the  winter,  a  tularemia  episootlc  occurred 

I  among  the  rodents.  Cases  of  tularemia  in  people  also  occurred*  Intel - 
'  occurred  through  contact  with  the  rodents  and  their  bodies  as  well 
ae  food  pcojucte^fld. ii Jq.  thtunakaU. fojhaaajtagtenaJ 
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Fig  74.  The  Effect  of  Continuous  (Ring  Method)  Vaccination  on  Reducb 
tion  of  the  Incidence  of  tularemia.  1.  Rayon  in  which  continuous  vac<j 
cinatior.  was  conducted;  2.  Rayon  in  which  vaccination  was  not  conduct¬ 
ed;  3.  Primary  focus;  4.  Places  infected  with  tularemia;  5.  Places 
where  there  were  no  cases. 


I  conditions  were  created  for  mass  spread  of  tularemia.  In  Berinskiy  I 
1  Rayon  vaccination  was  conducted  by  the  ring  method  in  a  short  period. 

!  whereby  almost  the  entire  population  was  inoculated  not  only  in  the 
;  area  of  the  primary  focus  of  tularemia  but  also  far  beyond  its  limits  in 
j  other  inhabited  places.  In  the  adjacent  Vasll'yevskiy  Rayon  the  inocu< 

.  iations  were  not  organised  in  time.  Whereas  in  the  first  rayon  the 
j  outbreak  of  tularemia  was  rapidly  and  completely  eliminated,  in  the 
second  one  it  continued  to  develop  and  spread  to  neighboring  inhabited) 

I  places  (Fig  74),  | 

|  Different  results  were  obtained  when  vaccination  was  con-: 

.  ducted  in  an  untimely  way.  slowly,  or  where  only  small  separate  pop-, 

,  ulation  groups  were  inoculated.  Although  the  cases  of  disease  stopped 
j  among  the  inoculeee  in  these  cases  also  such  vaccination  did  not  give 
j  a  true  antispidemic  effect  (because  of  the  small  immune  segment)  and 
!  the  outbreak  dragged  on  for  a  number  of  months. 
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In  one  of  the  village*  of  Mikhaylovs  kiy  Rayon  an  outbreak 
of  tularemia  developed,  first  of  an  agricultural  (threshing)  and  then  of 
a  domestic  type  of  mouse  origin.  Vaccination  was  begun  only  in  the 
second  month  after  the  onset  of  diseases  among  people,  was  conducted 
slowly,  so  that  at  the  end  of  the  third  month  only  64  percent  of  the  pop  ■ 
ulation  had  been  inoculated.  By  this  time  a  decline  in  the  epidemic  ou  - 
break  had  already  been  noted  in  the  inhabited  place,  and  the  vaccinatio  a 
gave  no  perceptible  antiepidemic  effect  (Fig  75). 


I 


! 

j  Fig  75.  Movement  of  Tularemia  Morbidity  (1)  after  Slow  Vaccination 
(2)1  3.  Days. 


For  greater  clarity  we  are  presenting  the  comparative 
data  of  the  morbidity  rate  dynamics  from  tularemia  in  Bobrovskiy  andj 
Kashirskiy  rayons.  In  the  former  mass  vaccination  was  conducted 
against  tularemia;  in  the  latter,  it  was  not  (Table  39). 

In  Bobrovskiy  Rayon,  even  in  the  third  five-day  period,  th} 
incidence  of  disease  as  the  result  of  the  inoculations  given  decreased 
by  three  times;  in  the  fourth  and  fifth  five-day  periods,  by  more  than! 
30  times,  and  at  this  time  it  was  almost  completely  eliminated.  In  ; 
Kashirskiy  Rayon,  where  inoculations  were  not  given,  the  morbidity  i 
rate  continued  to  be  high  at  the  end  of  a  month. 

Materials  of  mass  observations  accumulated  at  the  presen}: 
time  (B.  Ya.  El’bert,  N.  G.  Olsuf’yev,  I.  N,  Mayskiy,  V,  P,  Borodin, 
N.  A.  .Kazberyuk,  Yu.  A,  Myasnikov,  O.  V.  Ravdonikas,  V.  S,  Sil* -  1 
chenko,  G.  P.  Uglovoy,  M.  I.  Tsareva,  M.  F,  Shmuter,  V.  A.  Yuden- 
ich  .and  ©the  r  *}  havocs  tahliflhcdJhc  high ^dearee. olaatiftpUf.mlc  -value] 
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Table  29 

The  Influence  of  Inoculations  against  Tularemia  in  Redcingthe  Morbidity 
Rate  In  People  During  an  Epidemic  Outbreak  of  Tularemia 
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1.  Observation  period  (days);  2.  Bobrovskiy  Rayon  (mass  vaccination 
conducted);  3,  Kashirskiy  Rayon  (no  vaccination  conducted);  4,  No.  I 
of  cases;  5.  First-fifth  (before  beginning  the  inoculations);  6.  Sixth- J 
10th  (in  Bobrovskiy  Rayon  89. 7  %  of  the  population  was  inoculated);  7.; 
11th- 15th;  8.  The  morbidity  rate  in  the  first  five  days  is  taken  as  I 
100%  in  both  rayons;  9.  The  disease  in  Bobrovskiy  Rayon  was  record 
’  ed  only  among  the  non -inoculated  up  to  the  20th  day. 


of  application  of  living  tularemia  vaccine  in  foci  of  tularemia.  Com¬ 
plete  vaccination  of  people  in  an  area  of  a  tularemia  focus  gives  a  not-1 
able  reduction  of  the  morbidity  rate  as  early  as  the  first  eight- 10  days, 
and  after  12-15  days  it  leads  to  complete  elimination  of  the  outbreak. 
Vaccination  of  90-95  percent  of  the  population  in  the  region  of  an  epi-  : 
demic  focus  actually  aborts  the  outbreak,  because  after  this  only  isolat 
ed  cases  of  disease  are  found  among  the  non -inoculated.  A  particular¬ 
ly  good  effect  in  the  control  and  prophylaxis  of  tularemia  is  given  by 
the  ring  method  of  vaccination  proposed  by  V.  S.  Sil'chenko  (1952),  in 
which  mass  inoculations  are  conducted  simultaneously  in  the  place 


231 


7061 


»  > 

1 


* 

4 


affected  by  tularemia  as  well  as  in  the  inhabited  places  located  around 
the  epidemic  focus*  Mass  vaccination  of  people  provides  a  good  pro¬ 
phylactic  effect  when  there  it  a  danger  of  tularemia  of  any  origin:  agrij 
cultural,  occupational,  arthropod-borne,  food  product,  water,  etc. 

For  the  purpose  of  complete  and  rapid  achievement  of  the  antiepidemi<| 

|  effect  vaccination  should  be  conducted  on  a  large  scale  (with  coverage 
of  100  percent  of  the  population  which  needs  to  be  inoculated)  and  in  a 
short  time  (three -five  days). 

The  Prophylactic  Effectiveness  of  Planned  Vaccination. 
Several  years  ago  inoculations  against  tularemia  were  conducted  as  an 
emergency  antiepidemic  measure  organized  directly  at  the  time  of  oc¬ 
currence  of  tularemia  imong  people  or  else  when  a  tularemia  epizooti  : 

|  was  found  among  rodents.  Such  vaccination  gave  good  results,  but  the 
effect  frequently  was  incomplete,  because  before  the  beginning  of  vac¬ 
cination  part  of  the  people  had  already  become  sick  with  tularemia. 

Also  cases  were  observed  among  those  who  had  been  inoculated  in 
which  an  adequately  strong  immunity  had  not  yet  managed  to  be  formejd 

to  withstand  the  infection*  At  times,  it  was  difficult  to  cover  the  entire 

!  1 

i  groups  of  people  who  had  to  be  covered  by  the  inoculations  in  a  short 
period,  particularly  agricultural  workers  during  the  period  of  summej 
and  autumn  field  operations.  There  was  also  a  delay  in  the  bringing  o 
the  vaccine  into  areas  of  epidemic  outbreaks .  Untimely  giving  of  the 
inoculations  reduced  the  antiepidemic  effect  of  vaccination. 

After  positive  results  of  experimental  studies  had  been  ob 
tained  and  after  the  fact  that  the  immunological  reactions  were  main-  { 

■  tained  for  a  long  time  (years)  in  inoculated  persons  and  the  high  degre 
j  of  antiepidemic  effectiveness  of  vaccination  during  outbreaks  of  the 
j  disease  had  been  clarified,  various  investigators  set  about  the  study  o 

•  the  prophylactic  effectiveness  of  vaccination,  using  as  a  basis  the  ab-  j 

•  sence  of  tularemia  among  inoculated  workers  in  tularemia  laboratoriep 

■  and  among  those  inoculated  persons  who  lived  in  the  area  of  natural  j 
tularemia  foci. 

i  N.  A.  Gayskiy  (1946)  made  an  observation  on  11  workers  | 

!in  the  tularemia  department  of  the  Irkutsk  Plague -Control  Institute  who 
’had  been  vaccinated  with  the  tularemia  virus  vaccine.  Despite  the  fac^ 

|  that  these  persons  worked  under  situations  of  close  contact  with  viru-| 
.lent  cultures  of  B.  tularense  from  four  to  28  months,  none  of  them  be-- 
I  came  nick  with  tularemia.  Before  the  introduction  of  vaccination 
against  tularemia  into  practice  the  majority  of  workers  in  the  laborat- 
j  ories  usually  became  sick  with  tularemia,  N,  A,  Gayskiy  made  anoth¬ 
er  observation  (1946)  in  a  tularemia  focus*  where  a  year  before  this 
vaccination  against  tularemia  had  been  carried  out.  In  this  case  also, 
among  the  inoculees,  there  were  no  cases  of  tularemia,  whereas  amorg 
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the  non -inoculated  there  were  cases  of  disease.  The  observation  of 
N.  A.  Gayskiy  (1944)  on  a  group  of  workers  at  the  Irkutsk  Plague  -Con  • 
trol  Institute  inoculated  against  tularemia  and  subjected  to  experiment¬ 
al  infection  with  a  virulent  culture  of  the  tularemia  microbe  six  monthi  i 
after  vaccination  was  particularly  significant  proof.  Inoculation  im¬ 
munity  in  them  was  quite  strong,  and  none  of  them  became  sick  with 
tularemia.  I.  S.  Tinker  and  T,  I.  Puchkova  (1948)  made  an  observa¬ 
tion  for  one -and-a -half  years  on  six  workers  in  the  tularemia  labora¬ 
tory  who  had  been  vaccinated  against  tularemia.  They  also  noted  that 
despite  the  close  contact  of  these  workers  with  infectious  material  none 
became  sick  with  tularemia  (see  also  Chapter  XI). 

All  these  observations  were  made  in  a  relatively  short  time 
(from  four  to  28  months)  and  on  a  small  number  of  inoculees,  but  the 
good  results  (absence  of  cases  among  the  inoculees)  permitted  putting 
the  question  of  conducting  prophylactic  vaccination  against  tularemia 
as  a  planned  matter  outside  of  an  epidemic  or  epizootic  period. 

In  1947  V.  S.  SiTchenko  suggested  and  accomplished  the 
giving  of  mass  planned  prophylactic  inoculations  against  tularemia 
along  with  workers  in  the  Voronezhskaya  Oblast  Tularemia-Control 
Station,  Ye.  N.  Yczhova  and  V.  G.  Klenova.  The  inoculations  were 
given  according  to  the  following  principle:  1)  in  the  area  of  natural 
foci  of  tularemia  the  entire  population  was  vaccinated  solidly,  regard¬ 
less  of  the  kind  of  occupation,  beginning  with  the  age  of  four  in  order  1o 
create  a  maximum  immune  segment  prior  to  the  occurrence  of  a  tularf- 
emia  epizootic  among  the  rodents {  2)  outside  of  the  area  of  natural  fo  ¬ 
ci  those  persons  were  inoculated  who  by  virtue  of  their  working  condi¬ 
tions  could  be  in  contact  with  infected  material  and  rodents  --  the 
sources  of  the  tularemia  infection  (those  who  caught  water  rats  and 
other  rodents,  rat  killers,  hunters,  workers  in  pelt  storehouses,  etc.)} 
3)  workers  in  tularemia -control  institutions  who  worked  constantly  in  a 
region  of  natural  foci  of  tularemia  as  well  as  in  the  laboratory  with 
virulent  cultures  of  the  tularemia  microbe  and  were  subjected  to  the 
everyday  threat  of  infection  were  inoculated. 

Then,  the  tularemia-control  station  proceeded  with  com¬ 
plete  planned  prophylactic  vaccination  of  the  population  not  only  in  varl- 
ious  places  but  also  in  entire  rayons,  including  96-99  percent  of  the  [ 
population  in  the  inoculations.  The  observation  was  made  for  eight  ! 
years  and  included  a  considerable  number  of  inoculees.  During  this' 
period  there  was  not  a  single  case  of  tularemia  among  them,  including 
among  laboratory  workers  who  had  worked  for  all  these  years  with  j 
material  known  to  be  infected.  At  the  same  time,  among  persons  whoj 
had  not  been  inoculated  and  who  had  been  under  conditions  of  less  eon-} 
tact  with  infectious  material  cases  of  tularemia  were  noted.  Subse- 


233 


7061 


[sequently,  such  inoculations  were  organized  and  carried  out  in  a  num- 
ber  of  krays  and  oblasts  in  the  periods  between  epizootics  and  epidem- 
ics.  The  inoculations  were  of  a  mass  nature  (tens  and  hundreds  of 
thousands  of  persons  were  vaccinated  for  prophylactic  purposes).  This 
made  it  possible  to  study  the  prophylactic  properties  of  living  tularem:  a 
vaccine  and  the  duration  of  the  immunity  created  by  it  in  the  inoculees 
on  a  broad  scale. 

In  the  study  of  the  results  of  planned  prophylactic  vaccina¬ 
tion  over  a  period  of  four-six  years  N.  G.  Olsuf'yev,  I.  N.  Mayskiy , 

G.  P.  Uglovoy,  M.  I.  Tsareva,  Yu.  A.  Myasnikov  and  others  conclud¬ 
ed  that  it  was  highly  effective.  According  to  the  conclusion  of  N.  G. 
Olsuf'yev  (1953),  prophylactic  vaccination  made  it  possible  to  eliminate 
almost  completely  the  disease  tularemia  not  only  within  the  limits  of 
various  inhabited  places  and  rayons  but  in  entire  krays  and  oblasts, 
and  at  the  present  time  planned  vaccination  in  the  USSR  is  already  a 
generally  accepted  method  of  tularemia  prophylaxis.  We  should  like  to 
present  examples  of  the  effectiveness  of  prophylactic  vaccination. 

In  Voronezhskaya  Oblast  for  a  number  of  years  outbreaks 
of  tularemia  of  the  occupational,  arthropod-borne  and  water-borne 
origina  were  observed  every  year.  The  population  which  lived  in  the 
area  of  natural  foci  of  this  infectious  disease  was  almost  completely 
vaccinated  (98. 6  percent).  A  comparison  of  the  morbidity  rate  in  the 
area  of  these  foci  for  six  years  before  vaccination  and  for  the  same 
period  after  vaccination  showed  that  the  morbidity  rate  decreased  by 
almost  60  times  after  the  inoculations  (Fig  76),  The  disease  observec 
here  after  the  inoculations  occurred  exclusively  in  those  who  had  not 
been  inoculated.  Tularemia  outbreaks  observed  prior  to  that  time  in  | 
the  Oblast  had  been  aborted  as  the  result  of  the  vaccination.  Subse¬ 
quently,  only  isolated  cases  of  the  disease  were  noted  among  those  who 
j  had  not  been  inoculated. 

I  V.  A.  Yudenich  (1953)  reported  that  in  Smolenskaya  Oblas  ; 

'there  were  natural  foci  of  tularemia  in  the  area  of  which  virulent  cul- 
Itures  of  the  tularemia  pathogen  had  been  isolated  repeatedly  from  ro-  j 
'dents  and  ticks.  After  conducting  vaccination  for  four  years  (the  ob- 
jservation  period)  cases  of  tularemia  were  no  longer  observed  among  I 
j  those  inoculated,  but  among  those  who  were  not  inoculated  they  still  I 
occurred.  I 

I  In  a  number  of  rayons  of  Voronezhskaya  Oblast  water  rats' 

had  been  caught  for  trade  purposes  since  1936.  In  the  past  the  water  i 
i  rat  trappers,  as  a  rule,  became  sick  with  tularemia  during  the  first  i 
or  one  of  the  subsequent  hunting  seasons.  The  members  of  their  fam¬ 
ilies,  who  assisted  in  processing  and  drying  the  pelts,  also  became 
'sick.  In  the  past  seven  years  after  carrying  out  complete  vaccination 
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Fig  76,  Effectiveness  of  Vaccina  - 
j  tion  in  a  Region  of  Natural  Tular- 
I  emia  Foci  in  Voronezhskaya  Oblast. 

1 1.  Morbidity  rate;  2.  In  the  6  years 
;  before  vaccination;  3.  hi  the  6 
!  years  after  vaccination;  4,  Morbid¬ 
ity  rate;  5.  Vaccination. 
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Fig  77.  Incidence  of  tularenji- 
ia  in  Water  Rat  Catchers  be¬ 
fore  and  after  Inoculations  * 
Given  in  Voronezhskaya  Obi 
last.  1.  For  7  years  priori 
to  giving  inoculations;  2. 

For  7  years  after  giving  in¬ 
oculations;  3.  Catching  wat¬ 
er  rats;  4.  Morbidity  rate 
in  the  trappers. 


of  the  trappers  and  their  family  members  the  incidence  of  tularemia 
|  among  them  was  zero,  despite  the  fact  that  during  this  period  the  trap¬ 
ping  of  water  rats  had  increased  somewhat.  During  these  years  tularf 
•  emia  epizootics  were  observed  among  the  water  rats  and  virulent  cul-l 
!  tures  of  B.  tularense  were  isolated.  A  significant  proof  as  a  test  was 
j  the  disease  found  in  two  water  rat  trappers  who  had  come  from  an  ad¬ 
jacent  oblast  and  who  had  not  been  given  vaccination  against  tularemia 
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(Fig  77). 

Natural  foci  of  tularemia  in  Povorinskiy  Rayon  of  Voroneaty 
skaya  Oblast  had  been  demonstrated  about  30  years  ago;  their  effects 
are  continuing  to  be  manifested  at  the  present  time.  This  has  made  it 
necessary  to  conduct  complete  vaccination  in  this  Rayon  of  the  rural 
and  city  population.  Railroad  workers  and  white-collar  workers  werej 
in  part*  not  vaccinated.  Cases  of  tularemia  in  people  occurred  for 
eight -and -a -half  years  after  conducting  the  vaccination  in  the  Rayon; 
solely  those  who  had  not  been  inoculated,  chiefly  railroad  groups,  be¬ 
came  sick.  The  investigation  revealed  the  presence  of  a  large  im¬ 
mune  segment  among  the  population  (up  to  80  percent)  because  of  the 
vaccination  conducted  in  1946-1948. 

G.  P.  Uglovoy,  1.  N.  Mayskiy,  N.  G.  Olsuf’yev  and  otherf 
!  (1953)  established  the  fact  that  those  who  had  been  inoculated  and  who 
[had  been  in  contact  with  infected  material  five  years  after  vaccination  { 
did  not  become  sick  with  tularemia,  whereas  those  who  were  not  inocuj- 
lated  did  become  sick.  According  to  the  data  of  V.  S.  Sil'chenko,  in 
two  adjacent  rayons  —  Berexovskiy  and  Novo-Usmanskiy  --  mass  vacj» 
cination  of  the  population  was  conducted.  Five  years  after  this,  in  the] 
region  of  natural  foci,  in  the  so ddy -alluvial  meadows  hay-harvesting 
was  conducted,  whereby  along  with  a  large  number  of  local  kolkhos 
members  (who  had  been  inoculated)  brigades  worked  here  made  up  of 
city  workers  (who  had  not  been  inoculated).  In  both  rayons  cases  of 
tularemia  in  people  occurred  which  were  of  the  ulcerative -bubonic 
form  (arthropod-borne  infection),  exclusively  among  those  who  had  no' 
been  inoculated  in  brigades  coming  from  the  city.  { 

|  The  study  of  the  prophylactic  effectiveness  of  planned  vac-i 

j  cination  against  tularemia  has  made  it  possible  to  draw  the  following 
!  conclusions:  1)  prophylactic  vaccination  conducted  in  the  region  of  ' 
j  natural  tularemia  foci  with  living  tularemia  vaccine  leads  to  a  complete 
1  stoppage  of  the  disease  among  those  who  have  been  inoculated  for  a 
1  period  of  six-eight  years  (the  observation  period);  2)  inoculations  re- 
|  liably  protect  even  those  workers  who  work  with  virulent  cultures  of  tie 
!  tularemia  microbe  and  with  material  known  to  be  infected  for  seven- 
'  eight  years;  3)  after  conducting  the  mass  vaccination  of  people  (95-97 
j  percent)  outbreaks  of  tularemia  are  no  longer  being  observed  in  the  I 
.  area  in  which  the  inoculations  were  conducted;  only  sporadic  cases  are 
|  encountered  among  those  who  have  not  been  inoculated;  4)  the  results  I 
of  prophylactic  vaccination  (absence  of  tularemia  among  the  persons  ! 

I  inoculated  for  five -eight  years)  confirm  the  duration  and  strength  of 
the  immunity  conferred  on  the  inoculees  as  the  result  of  vaccination; 

5)  carrying  out  planned  prophylactic  vaccination  against  tularemia  haji 
justified  itself  completely;  therefore,  public  health  organs  should  as  I 
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'a  planned  matter  organize  and  conduct  complete  vaccination  of  people 
who  are  in  the  region  of  natural  tularemia  foci  or  who  by  the  nature  of 
<  their  activity  are  eubjected  to  the  danger  of  infection. 

Incidence  of  Tularemia  in  the  Inoculated 

The  main  criterion  of  the  effectivenese  of  vaccine  prophyl* 
axis*  particularly  the  duration  and  strength  of  the  inoculation  immunit 
is  the  absence  of  disease  among  the  inoculees.  We  can  consider  those 
vaccines  reliable  and  highly  effective  which  create  good  protection 
|  against  infection  for  a  long  time  in  the  inoculees.  In  evaluating  the  ef¬ 
fectiveness  of  tularemia  vaccination  when  it  is  carried  out  directly  be-j 
fore  an  outbreak  or  at  the  time  of  disease  which  has  already  developed) 
the  opinions  of  Soviet  investigators  are  similar.  N.  A.  Gayskiy,  B. 

Ya.  El'bert,  M.  M.  Faybich,  N.  G.  Olsuf'yev,  I.  N.  Mayskiy,  I.  S. 
Tinker,  A.  A.  Selezneva  and  others  believe  that  the  inoculations  given! 
with  living  tularemia  vaccines  quite  quickly  (in  a  period  of  10-15  days)[ 
create  a  strong  immunity  in  the  inoculees,  which  leads  to  a  cessation 
of  disease  among  those  vaccinated.  However,  during  the  first  two 
weeks  after  vaccination,  that  is,  when  immunity  is  not  sufficiently 
strong  in  the  inoculees  and  part  of  the  people  may  have  been  vaccinate^ 
after  being  infected,  in  the  incubation  period,  some  inoculated  person^ 
become  sick  with  tularemia. 

1  B.  Ya.  El'bert  and  coauthors  (1947)  observed  tularemia  irj 

1  those  inoculated  in  the  first  12  days  after  vaccination.  Later,  accord 
J  ing  to  their  data,  none  of  those  inoculated  became  sick.  V.  P.  Boro- 
I  din  (1950)  also  noted  disease  in  the  inoculees  in  a  period  from  two  to 
j  10  days;  only  three  persons  became  sick  a  month  after  vaccination. 

•  A.  A.  Selezneva  (1948)  observed  disease  in  the  inoculees  unt'l  the 

•  sixth-seventh  day  after  vaccination.  Y.  S.  Sil'chenko  (1948)  estab- 
j  lished  the  fact  that  Inoculees,  as  a  rule,  did  not  become  sick  later  thah 

the  16th  day  after  vaccination.  In  the  majority  of  cases  (77.  3  percent) 

I  the  disease  occurred  in  them  during  the  first  week  after  vaccination. 

I  N.  A.  Kazberyuk  (1953)  no  longer  found  disease  among  the  inoculees 
1  10  days  after  vaccination.  1 

B.  Ya.  El'bert  and  coauthors  (1947)  pointed  out  that  tular^ 

|  emia  in  the  inoculees  who  became  sick  in  the  first  few  days  after  vac-, 

I  cination  has  a  much  milder  course  than  in  persons  who  have  not  been  ' 
inoculated.  These  observations  have  been  confirmed  by  the  data  of 
■8.  Sil'chenko  (1948),  V.  P.  Borodin  (1958)  end  other  author*.  In  the 
j  presence  of  fatal  outcomes  in  patients  with  tularemia  (who  have  not 
I  been  vaccinated)  within  limits  of  0. 5  percent,  not  a  single  death  has 
Jbeen  recorded  among  those  who  have  been  Inoculated  and  who  have 
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become  tick  with  tularemia  in  a  10 -year  period. 

Investigator*  are  particularly  interested  in  the  problem  of  | 
the  possibility  of  infection  of  inoculees  with  tularemia  in  the  remote 
periods  after  vaccination.  In  the  Soviet  literature  this  problem  had 
been  discussed  very  scantily}  in  the  foreign  literature  we  could  not 
find  any  comparable  data  of  interest  to  us,  because  there  are  no  tular* 
emia  living  vaccines  there  (similar  to  ours),  and  abroad  cases  among 
the  inoculees  are  a  usual  phenomenon  (according  to  the  data  of  Foshay 
up  to  30  percent  of  those  inoculated  with  killed  vaccines  become  sick). 

P.  N.  Burgasov  (1949)  observed  cases  of  tularemia  among 
people  inoculated  with  living  tularemia  vaccine  but  he  does  not  present 
specific  data  and  he  does  not  mention  the  time  after  vaccination  at 
which  the  cases  occurred.  N.  G.  Olsuf'yev  (1953),  in  accordance  with] 
materials  of  peripheral  institutions,  reports  four  cases  of  disease 
among  inoculated  persons  approximately  a  year  af.er  vaccination,  where¬ 
by  tularemia  was  clinically  overt  in  them  and  was  confirmed  by  the  dai  a 
of  a  laboratory  examination.  The  infection  occurred  by  the  arthropod* 
borne  route.  He  also  pointed  to  a  case  of  infection  of  an  inoculee  six 
years  after  vaccination.  This  case,  occurring  as  the  result  of  a  labor¬ 
atory  accident  and  transfer  of  a  virulent  culture  tc  the  eye,  was  then 
I  described  by  O.  P.  Khishinskaya  and  Y,  M.  Stupnitskaya  (1956).  M. 

F.  Shmuter  (1953)  points  to  isolated  cases  of  tularemia  in  the  inoculee!* 
occurring  five-seven  months  after  vaccination.  However,  with  respect 
to  these  people  he  reports  that  in  the  majority  of  them  the  vaccination  | 
had  not  been  successful  (and,  therefore,  they  could  not  be  considered  j 
vaccinated)}  in  another  group  following  vaccination  a  slight  inoculation 
reaction  was  observed.  Ye.  1.  Kositsyna  (1958)  reported  seven  cases| 
of  tularemia  among  the  inoculees  (with  a  positive  result);  the  inocula-t 
tions  had  been  given  a  year  or  more  before  the  time  of  Infection.  I 
j  At  the  same  time,  many  authors  (Yu.  A.  Myasnikov,  M.  l.j 

i  Tsareva,  V.  A.  Yudenich  and  others)  indicate  that  they  have  not  ob-  ' 
i  served  cases  of  tularemia  among  inoculees  in  the  remote  periods  aftei 
j  vaccination  (four-five-year  observation  periods).  Y.  S.  Sil'chenko 
!  (1953)  could  find  only  isolated  cases  in  which  the  diagnosis  of  tolareirj- 
i  ia  was  confirmed  in  inoculees  in  a  period  of  eight  years  of  observation, 
j  but  in  almost  all  cases  it  was  difficult  to  learn  the  quality  of  the  vac-  j 
cination.  In  the  majority  of  cases  the  diagnosis  of  tularemia  proved  td 
be  erroneous.  It  was  the  result  of  the  fact  that  the  physicians  resorted 
to  laboratory  examinations  at  the  improper  time,  limiting  themselves] 
i  to  a  single  agglutination  test  without  considering  epidemiological  data ) 

1  precoding  the  disease  and,  chiefly,  forgot  about  the  prolonged  presort 
j  ration  of  Immunological  reactions  after  vaccination.  The  existence  of 
j  a  positive  serological  test  was  mads  the  ba»  •  of  a  diagnosis  of  tular-] 
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eraia,  even  in  the  absence  of  epidemiological  data  and  a  clinical  picture 
which  was  not  characteristic .  The  cause  of  tularemia  in  the  inoculees 
in  some  cases  can  be  infection  of  man  with  massive  doses  of  a  virulent 
microbe.  Most  often,  in  the  inoculees,  the  disease  occurs  as  the  re¬ 
sult  of  improper  vaccination,  which  provides  for  the  production  of  an 
inadequate  and  short-term  immunity.  This  is  evidenced  by  materials 
of  R.  Ya.  Cheraina,  R.  Ya.  Bondar',  M.  F.  Shinuter  and  others, 
which  indicate  the  possibility  of  a  quite  rapid  extir  ;tion  of  immurity 
in  some  groujps  of  inoculees  (after  five -10 -15  months). 

Therefore,  in  noting  the  various  cases  of  tularemia  in  in¬ 
oculees  as  the  result  of  the  premature  l  ies  of  immunity  in  them  or  a 
breakthrough  in  the  immunity  by  a  massive  dose  of  infection,  it  must 
be  considered  that  these  cases  are  rare  and  require  further  study,  n 
the  majority  of  inoculees  (after  vaccination  with  a  complete  vaccine) 
immunity  is  maintained  no  less  than  five-six  years.  With  a  proper  and 
serious  attitude  of  practising  medical  workers  toward  problems  of  vac 
cine  prophylaxis  of  tularemia  cases  among  the  inoculees  can  be  stoppe 
completely. 

In  the  analysis  of  the  morbidity  in  inoculees  it  is  essential 
to  analyse  every  such  case  with  great  caution,  because  there  may  be 
people  in  this  group  who  show  allergic  reactions  to  the  incorporation  j 
of  tularemia  pathogen  into  their  bodies.  N.  G.  Olsuf’yev  and  coauthors 
(1959)  noted  the  occurrence  of  an  allergic  reaction  in  people  immunized 
against  tularemia  and  who  had  consumed  water  from  brooks  naturally  I 
infected  with  the  tularemia  microbe  for  drinking  purposes.  V.  P.  Bor* 
odin  and  coauthors  (1958)  described  an  allergic  reaction  in  two  inocu-j 
lees  infected  with  Rhipicephalus  rossicus  ticks  (a  virulent  culture  of  t 
<  B.  tularense  was  isolated  from  the  ticks).  In  these  persons  a  brief 
i  temperature  elevation  (up  to  two  days)  and  an  enlargement  of  the  re- 
j  gional  lymph  node  were  noted.  Such  cases,  if  a  careful  examination 
i  is  not  made,  can  readily  be  considered  tularemia  occurring  in  a  latenf 
*  or  abortive  form. 

Re  vaccination 


Since  inoculations  began  to  be  used  extensively  against  1 
tularemia  in  the  practice  of  public  health  organs  the  problem  of  the  ' 
time  of  conducting  revaccination  and  the  indications  for  it  has  main¬ 
tained  special  current  importance.  This  is  conditioned  by  the  presence 
of  the  danger  of  infection  of  the  population  living  in  the  area  of  nature t 
tularemia  foci.  The  founders  of  application  of  living  tularemia  vac-  j 
cine,  N.  A.  Gayskiy  and  B.  Ya.  ETbert,  pointed  out  that  this  vaccine; 
creates  a  stable  and  strong  immunity  for  a  long  time  in  the  inoculees  j 
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N.  A.  Gayskiy  (1947)  believed  that  the  duration  of  ixnmunit  f 
after  tularemia  vaccination  ie  nizr.ii^r  to  the  time  immunity  lasts  after 
vaccination  against  smallpox.  B.  Ya.  El'bert  (1946)  calculated  the 
period  of  immunity  in  those  inoculated  with  liquid  yolk  vaccine  to  be 
no  less  than  three-four  years.  P.  N.  Burgasov  (1950),  on  the  basis  o 
the  observations  by  M.  M.  Faybich  and  A.  D.  Zlatkovskiy,  wrote  that 
the  duration  of  immunity  (as  determined  by  the  preservation  of  the  al¬ 
lergic  reorganization  of  the  body  in  the  inoculees)  is  more  than  three- 
and-a-half  years. 

Initially,  when  the  time  a  sufficiently  strong  immunity  to 
tularemia  had  not  been  studied  accurately  and  the  immunizing  proper¬ 
ties  of  various  series  of  vaccines,  particularly  yolk,  underwent  varia<* 
ticas  under  the  influence  of  various  causes,  many  authors  recommendl 
ed  that  revaccination  be  conducted  every  one  or  two  years.  At  the  I 
present  time,  observations  have  been  accumulated  which  have  been  j 
conducted  over  a  much  longer  period  (six-eight  years)  and  on  a  large 
number  of  people.  Thereby,  it  was  possible  to  establish  a  direct  re¬ 
lationship  between  the  preservation  of  immunological  reactions  in  the 
;  inoculees  (allergic  reactivity)  and  the  absence  of  disease  among  them 
and,  therefore,  the  duration  of  a  strong  Immunity.  It  was  made  clear 
that  a  stable  and  strong  immunity  in  the  majority  of  inoculees  is  pre¬ 
served  no  lose  than  five-six  years  (according  to  recent  data  an  even 
greater  duration  of  the  inoculation  immunity  ie  noted).  M.  1.  Tsareva 
|  and  N.  K,  Mal'tseva  (verbal  communication)  point  out  that  in  all  the 
•  inoculees  whom  they  checked  (61  persons)  six  years  after  vaccination 
|  the  allergic  akin  reactivity  was  preserved,  and  none  of  the  inoculees  ; 
i  became  sick  with  tularemia.  G.  P.  Ugiovoy  obtained  positive  results  { 

■  from  the  tularin  teat  at  the  end  of  an  eight-year  period  in  a  consider-  I 
I  able  number  of  inoculees.  Y.  S.  Sil'chenko  (1957)  established  the  ex-) 
j  M+enee  of  an  allergic  reorganization  of  the  body  and  the  absence  of  | 

'  disease  ainon^  persons  in  a  group  inoculated  nine  and  10  years  before) 

'  (see  also  Table  32).  j 

)  In  the  light  of  these  observations  the  problem  of  the  time 

■  of  revaccination  against  tularemia  should  be  solved.  We  cannot  give 
>  attention  to  various  studies  based  on  occasional  groups  of  inoculees 

;  vaccination  in  whom  was  conducted  without  adequate  control  of  the  quaj.* 
!  ity  of  the  inoculations,  frequently  with  incomplete  vaccine,  and  as  a  ’ 

J  result  of  which  an  extremely  rapid  subsidence  of  the  immunity  was  not¬ 
ed,  which  is  not  characteristic  of  those  Inoculated  with  complete  vac-! 

1  cine*.  Observations  on  these  latter  groups,  according  to  the  data  of  | 

!  the  majority  of  authors,  confirm  a  five -six -year  period  of  immunity; 

!  therefore,  a  period  of  five  years  was  adopted  by  the  conference  on  vac¬ 
cine  prophylaxis  of  tularemia  in  1953  and  is  provided  for  in  special 
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instructions  [ior  revaccinationj  worked  out  in  1959. 

A  number  of  authors  have  raised  the  question  of  the  indica-j 
tions  for  revaccination,  whereby  the  majority  of  them  (N.  A.  Kazber-  1 
yuk,  I.  N.  Mayskiy,  V.  A.  Yudenich  and  others)  believed  that  re  vac¬ 
cination  should  be  carried  out  only  according  to  the  epidemic  indications. 
Without  denying  the  need  for  considering  these  indications  in  the  rayonp 
where  for  a  long  time  there  have  been  no  cases  among  people  or  epi¬ 
zootics  among  rodents,  other  investigators  (V.  S.  Sil'chenko,  M.  F. 
Shmuter  and  others)  consider  it  advisable  to  conduct  revaccination  as 
a  planned  matter  in  a  region  of  natural  tularemia  foci.  Y.  S.  Sil'¬ 
chenko  bases  this  recommendation  on  the  same  reasons  ?.s  those  for 
giving  planned  inoculations.  Some  groups  of  people  (water  rat  hunters] 
and  muskrat  hunters,  receivers  of  pelts  for  furs,  rat  killers  and  oth¬ 
ers)  are  continuously  under  the  danger  of  infection  and  tularemia.  In 
the  region  of  natural  foci,  particularly  in  places  of  arthropod-borne 
oitbreaks  of  tularemia,  the  epidemiological  situation  dictates  the  need! 
,'or  taking  appropriate  prophylactic  measures  every  year.  It  would  bei 
]  late  if  revaccination  is  >egun  when  epizootics  have  been  found  or  whenj 
|  cases  have  appeared  among  people.  Therefore,  it  is  best  to  conduct  { 
revaccination  beforehand  as  a  planned  matter,  but  in  every  individual  j 
case  following  preliminary  coordination  of  this  problem  with  the  oblas^ 
or  kray  sanitary-epidemiological  station.  j 

At  the  present  time,  public  health  organs  have  adopted  the] 

| obligatory  planned  accomplishment  of  revaccination  every  live  years.  | 
'Because  vaccination  is  not  always  given  in  a  completely  adequate  man-j 
'ner,  it  is  recommended  that  the  rayon  sanitary -epidemiological  stations 
j  regularly  and  selectively  check  the  presence  of  the  immune  segment  | 
.among  the  population,  resorting  to  the  percutaneous  tularin  test  for  | 
'this  purpose  and  investigating  100-200  persons  in  every  inhabited  place 
where  there  is  a  danger  of  infection  of  people.  Such  a  check  should  be 
!  carried  out  with  deterioration  of  the  epidemiological  prognosis  and  at  ! 
the  same  time  putting  the  question  of  conducting  revaccination  prior  to? 
{the  time  provided  for  in  the  instructions.  Reduction  of  the  immune  seg¬ 
ment  among  those  investigated  (for  the  region  of  tularemia  natural  foci, 
to  less  than  80-75  percent)  will  serve  as  a  criterion  for  conducting  the 
|  revaccination.  j 

.  The  problem  of  the  degree  of  expression  of  the  allergic  re¬ 

jection  in  inoculees  and  the  strength  of  immunity  ~<as  not  been  conclus-> 
ively  solved.  There  are  suggestions  in  existence  to  the  effect  that  in  : 

•  various  inoculees  at  the  end  of  a  five-year  period  even  in  the  presence 
'of  a  positive  tularin  test  the  immunity  can  become  so  much  weakened  j 
1  that  it  stops  protecting  the  inoculees  against  cases  of  tularemia.  Thie 
problem  requires  further  detailed  study.  I 
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The  technique  of  revaccination  not  at  all  different  from 
the  technique  of  vaccination  both  with  regard  to  preparation  (disinfec¬ 
tion)  of  the  skin  and  the  number  of  scratches  and  drops  of  vaccine  to  b« 
applied  (four  scratches,  in  two  rows  and  two  drops  of  vaccine  for  ever  ' 

;  person  being  re  vaccinated).  In  the  case  of  revaccination  of  people  who 
have  a  strong  immunity  (after  vaccination  or  after  having  had  a  case  of 
tularemia)  a  quite  distinct  inflammatory  reaction  appears  at  the  site 
of  percutaneous  injection  of  the  vaccine,  but  in  contrast  to  that  in  non- 
immune  persons  it  develops  as  early  as  24  or  43  hours  later,  that  is, 
it  is  accelerated,  and  is  basically  of  an  allergic  nature  (V.  S.  Sil'~ 
chenko,  1952;  I.  N,  Mayskiy,  1953;  G.  P.  Uglovoy,  1953;  M.  F. 
Shmuter,  1953;  N.  G.  Olsuf'yev,  1953,  1958;  V.  A.  Yudenich,  1953, 
and  others).  The  reaction  consists  of  the  fact  that  a  reddening  and 
jedema  having  a  transverse  diameter  of  0.  5-one  centimeter  and  some¬ 
times  more  appear  at  the  site  of  scarification  of  the  skin.  In  part  of  j 
the  persons  revaccinated,  on  the  second-fifth  day,  a  papule  or  vesicle  J 
(less  often  a  pustule)  forms  along  the  courses  of  the  scratches  with  tho 
subsequent  formation  of  small  scabf  by  the  eight-ninth  day  (M.  F. 
IShmuter,  1953,  and  others).  Revaccination  conducted  in  persons  who 
have  maintained  their  vaccine  immunity  has  been  called  "superimmunil* 
zation"  by  N.  G.  Olsuf'yev,  distinguishing  it  from  revaccination  (that 
is,  reimmunization)  of  persons  in  whom  the  vaccine  immunity  has  been 
lost.  It  should  be  noted  that  in  the  case  liquid  yolk  vaccine  is  used  for 
revaccination  (superimmunization)  in  a  number  of  cases  (up  to  one- 
i third)  the  reaction  to  the  inoculation  does  not  develop  at  all,  which  was 
inot  observed  after  the  use  of  the  dry  NIIEG  vaccine  (M.  F.  Shmuter, 

!  1953). 

« 

According  to  the  data  of  a  mass  check  made  in  1958  by  the 
tularemia  laboratory  of  the  IEM  imeni  Gamaleya  in  conjunction  with  in'- 
|8titutions  at  the  periphery  and  including  more  than  5,000  persons,  it 
jwas  established  that  a  reaction  of  the  allergic  type  after  revaccination 
(superimmunization)  with  vaccines  made  of  the  Gayskiy  reconstituted 
i  15  strain  or  tine  Yemel'yanova  155  strain  occurs  in  practically  100  per- 
tcent  of  the  cases  and  is  maintained  until  the  sixth  day  in  almost  all 
!(99.9  percent)  of  those  revaccinated.  Therefore,  for  the  purpose  of 
j  facilitating  the  work  of  medical  workers  it  is  recommended  that  the 
.results  of  revaccination  be  checked  at  the  same  time  as  the  results  of 
| initial  vaccination  arc  checked  (that  is,  for  the  first  time  between  the  i 
fifth  and  seventh  day  after  inoculations).  Previously,  it  was  recom-  j 
| mended  that  such  a  check  be  made  on  the  second-fifth  day  after  revac-! 
j  cination.  The  presence  of  an  allergic  reaction  in  those  revaccinated  j 
j  is  considered  a  positive  result,  which  is  evidence  of  the  preservation 
of  immunity  in  the  inoculee.  According  to  the  data  of  the  same  check,] 
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loss  of  the  reaction  in  a  email  part  of  those  revaccinated  (euperiromunj- 
ized)  was  observed  beginning  with  the  eighth  day;  by  the  12th-  15th  day 
the  reaction  had  disappeared  in  approximately  20  percent;  by  the  20th 
22nd  day,  in  the  majority. 

In  the  opinions  of  various  investigators*  in  the  case  of  per 
cutaneous  re  vaccination  of  immune  persons  a  vaccine  process  may  be  j 
superimposed  on  the  allergic  reaction  because  of  the  partial  survival  { 
and  multiplication  of  the  vaccine  (M.  F.  Shmuter*  1953;  G.  P.  Uglov- 
oy,  1953,  and  others),  r/nich  justifies  the  use  of  the  term  "superim¬ 
munization".  A  check  showed  that  in  such  persons  an  intensification  o 
immunological  reactions  is  noted,  particularly  an  increase  in  the  ag¬ 
glutination  titer  of  the  serum.  Attention  was  directed  to  this  for  the 
first  time  by  M.  F.  Shmuter  (1953)  and  subsequently  his  data  were  corj 
; firmed  in  the  investigations  of  a  number  of  authors  (V.  S.  Sil'chenko, 
1953;  ivi.  V.  Vasil'yeva  and  coauthors,  1953;  I.  JL.  Martinevskiy, 

1955;  L.  S.  Matveyets,  I960,  and  others).  An  increase  in  the  serum 
titer  is  usually  noted  in  persons  revaccinated  a  year  or  more  after  vac 
cination,  but  may  be  observed  in  the  earlier  periods  also. 

The  data  of  G.  P.  Uglovoy  are  particularly  interesting;  hd 
;  determined  the  fact  that  in  persons  who  have  been  revaccinatcd  (super 
immunized)  the  immunity  is  maintained  for  a  longer  time  than  in  those 
who  have  been  vaccinated.  In  accordance  with  his  data,  of  42  persons 
subjected  to  vaccination  followed  by  revaccination  a  year  later,  36  per!- 
1  -  one,  that  is,  85.5  percent,  reacted  to  percutaneous  tularin  after  sevi 
;en  years.  For  the  purpose  of  comparison  76  persons  vaccinated  sim-j 
!  ultaneously  with  the  previous  group,  living  in  the  same  locality,  but  J 
!  not  given  revaccination  were  used.  In  the  check  made  simultaneously  ! 
jwith  the  first  group  only  49  persons,  which  amounts  to  65.  2  percent, 

|  reacted  to  percutaneous  tularin,  that  is,  20  percent  less  than  in  the  ( 
j  group  which  had  been  revaccinated.  Vaccination  and  revaccination  I 
.were  conducted  with  the  percutaneous  NIIEG  vaccine;  only  adults  were 
!  included  in  the  investigation  (G.  P.  Uglovoy,  personal  communication), 
j  In  the  revaccination  of  persons  whs  have  lost  their  immunity1 

!  completely  at  the  time  of  revaccination  the  vaccine  process  in  them  ! 

1  develops  at  the  same  time  and  occurs  with  the  same  intensity  as  in 
|  persons  being  immunized  for  the  first  time  (V.  A.  Yudenich,  1954;  ! 

I  L.  S.  Matveyets,  I960).  Judging  by  the  immunological  reactions,  the 
(immunity  in  these  persons  returns  to  the  level  reached  at  the  time  of  ] 
the  first  vaccination.  V.  A,  Yudenich  and  then  L.  S,  Matveyets  noted! 

!  various  cases  in  which  at  the  time  of  check  before  revaccination  the 
j  skin  allergic  test  to  tularin  was  absent  (however,  after  vaccination  it 
'had  been  positive);  nevertheless,  after  revaccination  the  local  inocula¬ 
tion  reaction  appeared  after  48  hours  and  had  a  shorter  course  than 
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the  time  of  the  first  immunisation. 

Some  authors  note  that  at  the  time  of  revaccination  genera 
associated  reactions  which  are  more  numerous  and  more  pronounced 
are  observed  than  at  the  time  of  the  first  vaccination.  I.  N.  Mayskiy 
(1953)  and  G.  P.  Uglovoy  (1953)  noted  a  high  percentage  of  people  with 
side -reactions  causing  in  part  of  them  a  temporary  loss  of  the  ability 
to  work  at  the  time  of  conducting  a  revaccination  a  year  after  the  in¬ 
oculation.  Thus,  after  five  days  50  percent  had  a  densification  and  en  ¬ 
largement  of  the  regional  lymph  nodes;  20  percent,  malaise  and  head- 
aches;  eight  percent,  a  temperature  elevation  to  38°;  8.  1  percent, 
loss  of  the  ability  to  work.  V.  A.  Yudenich  (1954)  believes  that  revac  ¬ 
cination  is  associated  with  an  increase  in  the  general  reactions  particu  ¬ 
larly  in  the  lymphatic  apparatus.  He  noted  that  enlargement  of  the 
lymph  nodes  in  revaccinated  persons  is  observed  six  times  more  often 
than  in  the  inoculees  (pain  in  the  axilla  in  those  vaccinated  for  the  first 
time  was  observed  in  3. 1  percent  of  the  cases;  in  revaccinated  per¬ 
sons,  18,3  percent;  correspondingly,  lymphadenitis  was  found  in  2.2  | 
percent  in  the  first  group  and  12.  7  percent,  in  the  second).  According 
|to  his  data,  there  is  an  increase  in  the  number  of  persons  with  tempor¬ 
ary  loss  of  the  ability  to  work  after  revaccination  (from  zero  to  1.4  per¬ 
cent).  These  data,  and  particularly  the  figures  obtained  by  I.  N.  May¬ 
skiy  and  G.  P.  Uglovoy,  should  set  us  on  the  alert  with  regard  to  con¬ 
ducting  revaccination,  but  it  should  be  noted  that  none  of  the  other  in¬ 
vestigators  obtained  such  high  figures  of  associated  reactions  at  the 
•  time  of  revaccination.  N,  G.  Olsuf'yev  (1953),  according  to  the  mater¬ 
ials  of  a  number  of  tularemia -control  stations,  pointed  out  that  re vac - 
;  cination  of  those  who  have  been  inoculated  with  a  well-expressed  im- 
imunological  state  causes  a  moderate  local;  and  in  various  cases,  gen- 
1  eral  reaction,  which  usually  is  no  greater  than  that  at  the  time  of  vac- 
;  cination.  M.  F.  Shmuter  (1953)  believes  that  revaccination  is  tolerat- 
!  ed  well  even  by  persons  with  a  marked  allergic  reactivity.  He  ob¬ 
served  practically  no  general  reactions  at  the  time  of  revaccination. 

!  In  conducting  experimental  revaccination  the  more  frequent  occurrence 
;  of  associated  reactive  phenomena  (30.9  percent)  was  noted  than  at  the 
<  time  of  vaccination  (23.  2  percent),  but  in  the  majority  of  persons  these 
j  phenomena  were  poorly  expressed  and  did  not  interfere  with  the  work'j 
.  ing  capacity  of  the  revaccinated  persons  (Table  40).  ! 

The  fact  attracts  attention  that  revaccination  conducted  in  1 
the  early  periods  after  the  initial  inoculation  produces  side -reactions 
Jin  a  considerably  larger  number  of  persons  than  more  remote  revac- 
:  cination  (Table  41), 

{  In  conducting  the  revaccination  medical  workers  will  al¬ 

ways  encounter  people  who  to  varying  degrees  have  been  sensitized  to 
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Associated  Reactions  in  Those  Inoculated  and  Revaccinated 
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Note.  Revaccination  was  carried  out  13-72  months  after 
inoculation.  1.  Nature  of  the  reaction;  2.  %  of  persons  with  reactions1 
3.  At  the  time  of  vaccination;  4.  At  the  time  of  revaccination;  5.  Sub4 
jective  complaints  (weakness,  malaise,  headache,  etc.);  6.  Tempera, 
ture  elevation  to  37.6°;  7.  Axillary  lymphadenitis. 


jthe  tularemia  microbe  (tularemia  antigen);  therefore,  just  as  in  the 
case  of  performing  the  test  with  tularin,  in  a  number  of  persons  there 
{will  be  a  reaction  of  the  body  of  the  allergic  type. 

|  hi  carrying  out  the  revaccination  at  the  time  provided  for  in 

jthe  instructions  (that  is,  after  five  years),  however,  the  reactivity  of  T 
,the  organism  is  already  considerably  reduced  and  there  will  be  no  reas- 
jon  for  expecting  pronounced  side-reactions.  Such  reactions  may  be  j 
encountered  only  in  occasional  persons  being  revaccinated. 

An  extensive  check  of  the  degree  of  side -effect  production 
:of  the  vaccines  now  being  prepared  for  revaccination  ( super  immuniza- 
Jtion)  which  was  organized  in  conjunction  with  the  peripheral  institution! 
iof  the  tularemia  laboratory  of  the  IEM  imeni  Gamaleya  showed  better  1 
tolerance  of  these  vaccines  than  of  those  previously  put  out.  Where  vac- 
.cines  made  of  the  Gayskiy  15  reconstituted  strain  were  used  associated 
jreactions  were  noted  in  20  percent  of  those  being  revaccinated;  where' 
vaccines  made  of  the  155  strain  were  used,  they  were  found  in  only  ninje 
Ipercent,  being,  on  the  average,  15  percent.  I 

The  Voronezh  Tularemia -Control  Station  has  carried  out  I 
jthe  mass  revaccination  of  people  living  in  an  area  of  natural  tularemia! 
foci  as  a  planned  matter.  Revaccination  was  conducted  with  dry  tulaimua 
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Table  41 

The  Incidence  of  Associated  Reactions  as  a  Function  of  the  Time  of 

Conducting  the  Re  vaccination 
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Notes. 

1,  Data  are  given  by  I.  N.  Mayskiy  and  G.  P.  Uglovoy  fo^ 
a  year;  by  V.  A.  Yudenichjj  for  three  years;  by  Y.  S.  Sil'chenko, 
five-eight  years,  2.  It  must  be  supposed  that  persons  who  had  pre¬ 
viously  suffered  from  tularemia  fell  into  the  group  of  those  re  vaccinat¬ 
ed  by  1.  N.  Mayskiy  and  G.  P.  Uglovoy,  which  can  be  the  explanation 
for  such  high  figures  of  side -reactions.  1,  2. /fSame  as  Table  4tjf;  3. 
One  year;  4.  Five- eight  years;  5.  Subjective  complaints;  6.  Tempei 
j  ature  elevation;  7.  Regional  lymphadenitis;  8.  Work  loss.  j 


vaccine  in  a  period  between  five  and  eight  years  after  vaccination. 
There  were  more  than  35,000  persons  revaccinated.  An  analysis 
which  we  made  of  the  materials  of  this  planned  re  vaccination  confirmed 
the  data  of  the  experimental  re  vaccinations,  namely:  a)  early  devclopr 
ment  of  skin  reactions  of  the  allergic  type  in  those  revaccinated;  b)  | 
good  tolerance  of  the  vaccine  at  the  time  of  revaccination  by  the  ma-  j 
jority  of  those  revaccinated  and  the  absence  of  pronounced  associated  . 
(side)  reactions  in  them;  c)  a  good  prophylactic  effect  from  the  revac-f 
cination  conducted,  At  the  time  of  conducting  the  revaccination  it  was: 
possible  to  detect  those  who  had  previously  not  been  inoculated  and  to  i 
increase  the  immune  segment  of  the  population  to  high  levels,  1 


Organization  of  Inoculations 
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should  be  based  on  a  study  of  the  regional  characteristics  of  the  epidem¬ 
iology  and  epizootology  of  tularemia  in  the  area  in  which  the  inoculatio:  is 
are  conducted.  The  problem  of  organizers  of  vaccine  prophylaxis  lies 
in  conducting  and  completing  it  before  a  period  in  which  infection  can 
occur  in  the  presence  of  unfavorable  epizootological  prognosis.  For 
this  purpose  it  is  necessary  to  study  beforehand  the  epidemiological 
situation  in  the  locality  being  accommodated,  to  demonetrate  the  exist¬ 
ence  of  natural  foci  of  disease  and  their  localizations,  to  establish  the 
seasons  in  which  the  disease  occurs  and  the  groups  mainly  subjected  to 
the  danger  of  infection  (from  the  nature  of  their  activity,  from  their 
(being  close  to  the  region  of  natural  foci,  etc.).  It  should  also  be  deter¬ 
mined  (approximately)  how  many  people  need  vaccination.  Only  after 
carrying  out  such  preliminary  work  can  a  plan  of  effective  vaccine  pro  • 
phylaxis  be  made  up  properly.  In  places  where  there  are  natural  foci 
of  tularemia  it  is  necessary  to  make  up  a  prospective  plan  of  complete 
vaccination  of  the  entire  population  in  addition  to  the  plan  of  operation 
of  the  vaccination  (in  the  presence  of  e,  large  number  of  people  who  need 
to  be  vaccinated  and  where  it  is  impossible  to  conduct  thiB  work  in  a 
t  single  season  or  year). 

|  The  experience  of  work  of  antiepidemic  organizations  has 

shown  the  expediency  of  centralization  of  the  entire  matter  of  vaccine 
prophylaxis.  Peripheral  therapeutic -prophylactic  and  sanitary-anti- 
epidemic  institutions,  on  the  basis  of  a  study  of  the  epidemiological 
{situation  in  their  own  regions,  as  well  as  on  the  basis  of  a  considera¬ 
tion  of  groups  of  people  who  need  to  be  vaccinated,  have  presented  the 
j oblast  (or  kray)  sanitary-epidemiological  station  with  requests  that  in- 
joculations  be  conducted  wish  designation  of  the  number  of  persons  not- 
'  ed  and  the  time  (the  month  or  quarter)  in  which  the  vaccination  is  to  be 
,  given.  This  station,  as  represented  by  the  department  of  particularly 
dangerous  infections,  takes  into  consideration  and  summarizes  all  the 
!  requests  made,  makes  appropriate  corrections  and  additions  to  them, 
’and  on  the  basis  of  the  epidemiological  situation  in  the  oblast  (or  in  th< 

| kray)  makes  up  the  prospective  plan  of  vaccine  prophylaxis  for  tularem- 
!  ia  for  the  next  few  years  with  the  aim  of  achieving  maximum  coverage 
•of  the  population  with  inoculations  (in  the  area  of  rayons  enzootic  for 
!  tularemia  complete  vaccination  of  the  population  seven  and  over  is  be-| 

,  ing  planned).  The  plan  is  made  up  in  accordance  with  the  rayon  situa-J 
jtion.  On  the  basis  of  this  plan  the  annual  plan  of  inoculations  for  the  I 
current  year  is  made  out.  The  most  convenient  times  for  conducting  i 
’planned  mass  inoculations  against  tularemia  are  the  first  and  fourth  | 

•  quarters.  j 

!  The  plan  made  up  in  accordance  with  every  rayon  is  sent  t 

to  the  corresponding  rayons  by  the  oblast  sanitary-epidemiological 
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station  beforehand  (a  copy  of  the  general  plan  for  the  given  rayon  is 
sent  out)  to  the  head  of  the  public  health  department  and  the  chief  physi  - 
cian  of  the  rayon  sanitary-epidemiological  station  for  discussion  and 
accomplishment  of  the  necessary  preparation  work.  The  directors  of 
the  rayon  public  health  organizations  (the  rayon  health  department,  sat  - 
itary-epidemiological  station,  rayon  hospital)  make  up  their  own  vac¬ 
cination  plans,  noting  in  them  definite  places  and  groups  which  need 
vaccination  as  well  as  the  time  at  which  the  vaccinations  are  to  be  give  1. 
Simultaneously,  medical  workers  are  appointed  responsible  for  the  giv¬ 
en  areas  in  the  matter  of  inoculations.  A  group  of  inhabited  places  is  • 
assigned  to  every  medical  worker  and  there  he  will  carry  out  the  vac¬ 
cination.  Medical  workers,  prior  to  beginning  vaccination,  assemble 
at  the  rayon  center  for  the  purpose  of  receiving  detailed  instructions  o^ 
vaccination  technique.  Such  instructions  should  be  given  with  a  prac-  • 
tical  illustration  of  vaccination  technique  in  people  who  are  to  be  inocu  > 
lated  or  else  with  medical  workers  who  have  not  yet  been  inoculated. 
Workers  of  the  antiepidemic  organization  are  subsequently  obliged  to 
make  a  check  of  the  inoculations  and  record  their  results  in  the  variouu 
I  localities. 

If  there  is  a  problem  of  conducting  the  vaccination  as  an 
emergency  antiepidemic  measure  (the  presence  of  an  epizootic  among 
rodents,  detection  of  cases  of  tularemia  among  people,  etc.),  a  brigadje 
is  organized  (there  may  be  several  of  them)  from  medium-level  medi¬ 
cal  workers,  headed  by  one  of  the  physicians  of  the  medical  institution 
‘or  sanitary-epidemiological  station.  In  organizing  such  a  brigade  it 
should  be  taken  into  consideration  that  a  single  medical  worker  can 
easily  inoculate  about  100  persons  in  making  rounds  of  an  inhabited 
jplace  per  workday.  Therefore,  a  brigade  of  10  persons  will  inoculate  | 

1 3, 000  persons  in  three  days,  and  if  the  vaccinations  are  to  be  concen- ' 
.trated  in  some  single  place  (school,  institution,  medical  aid  station),  | 
'even  more.  In  any  case,  in  the  organization  of  inoculations  for  emer-j 
gency  epidemiological  indications  vaccination  should  be  conducted  in  aii 
[short  a  time  as  possible  (three-five  days). 

I  A  good  antiepidemic  effect  is  given  by  the  use  of  the  ring 

imethod  of  vaccination.  In  view  of  the  fact  that  the  disease  can  spread 
jto  a  number  of  adjacent  localities  from  the  initial  focus  of  the  infection! 
.in  a  short  period  of  time  vaccination  should  be  planned  and  carried  outj 
[not  only  in  the  place  affected  at  the  given  moment  but  also  in  other  set* 
tlemcnts  located  10-15  kilometers  around  it  (sometimes  even  more), 

| oven  though  not  a  single  case  of  tularemia  has  been  noted  in  them.  In 
this  method  of  vaccination,  conducted  rapidly  and  extensively,  tularerr  - 
ia  is  localized  to  the  initially-affected  place,  although  the  epizootic 
among  rodents  is  noted  even  beyond  its  limits. 
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At  the  present  time,  planned  prophylactic  inoculations 
against  tularemia  have  become  quite  widespread  and  it  should  be  noted 
that  they  have  played  an  important  part  in  a  marked  reduction  of  tular¬ 
emia  in  the  USSR.  Instructions  for  giving  prophylactic  inoculations 
against  tularemia  (1959)  provide  for  extensive  accomplishment  of  pro¬ 
phylactic  inoculations  as  a  planned  matter,  whereby  continuous  vaccina  ¬ 
tion  of  the  population  is  provided  for  in  rayons  and  inhabited  places  pre  ¬ 
viously  unfavorable  with  respect  to  tularemia  as  well  as  in  places  where 
there  are  active  natural  foci  of  tularemia.  Simultaneously,  it  is  recom¬ 
mended  that  vaccination  of  some  groups  of  people  who  by  virtue  of  their 
activity  are  exposed  to  the  danger  of  infection  with  tularemia,  for  ex¬ 
ample,  workers  in  enterprises  which  process  agricultural  products, 
rodent  pelts,  etc. ,  and  then  of  persons  who  come  for  a  short  time  into 
|  rural  localities  enzootic  for  tularemia,  etc.  (for  more  details  see  ' 
Chapter  XI)  as  a  planned  matter.  j 

In  rayons  which  have  previously  been  favorable  for  tularem¬ 
ia  (within  limits  of  oblasts  and  krays  which  have  had  cases  of  tularemia, 
in  the  past)  the  inoculations  are  given  according  to  the  epidemic  indicaW 
tions.  The  indications  for  the  necessity  of  vaccination  are  an  increase 
in  the  rodent  census  -•  the  main  sources  of  infection  (the  common  vole, 
house  mouse,  water  rat,  steppe  lemming,  etc.)  --  which  assumes  the 
nature  of  mass  multiplication,  the  detection  of  a  tularemia  epizootic 
in  rodents,  cases  among  people,  and  a  delay  of  threshing  of  cereal  1 
crops  before  the  winter  comes.  In  the  case  of  a  particularly  unfavor- 1 
(able  epidemiological  situation  (danger  of  mass  infection  of  people,  paij- 
1  ticularly  in  the  case  of  outbreaks  of  the  water-borne,  agricultural  andi 
domestic  types)  children  two  years  and  over  should  be  inoculated.  j 
Before  vaccination  and  revaccination  it  is  necessary  to  de-l 
jtect  the  people  who  have  previously  had  tularemia  (because  they  show  ( 
i  increased  reactions  to  inoculation  with  living  vaccine)  as  well  as  people 
,  in  whom  the  inoculations  are  contraindicated  because  of  their  health.  ' 
The  detection  of  them  is  conducted  on  the  basis  of  registration  data  on! 

J  those  who  have  had  tularemia  and  patients  who  are  on  record  in  the  j 
1  medical  district:  this  should  be  carried  out  by  medical  workers.  With 
!  respect  to  those  who  have  had  tularemia,  in  doubtful  cases,  recourse 
|  should  be  had  to  performing  the  percutaneous  test  with  tularin.  Contrji- 
I  indications  (by  virtue  of  the  state  of  health)  to  giving  vaccinations  with 
!  living  tularemia  vaccine  are  the  same  as  contraindications  to  the  use 
of  vaccines  against  other  infectious  diseases  but  in  view  of  the  slight  j 
i  side-effect  production  of  tularemia  vaccine  they  may  be  limited,  par-! 
j  ticularly  during  the  period  of  a  real  danger  of  occurrence  of  a  tularerq- 
|  ia  outbreak,  because  mortality  from  tularemia  is  usually  observed  in  i 
L.elde rly  pe rspns_with_ cardiac  and  pulmonary  diseases. _ j 
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In  view  of  the  fact  that  in  some  rayon*  inoculations  have  to 
be  given  against  tularemia*  brucellosis*  anthrax*  smallpox,  intestinal 
and  other  infectious  diseases*  the  problem  has  arisen  of  the  possibility 
and  expediency  of  simultaneous  vaccination  of  people  against  a  number 
of  infectious  diseases.  Experiments  on  laboratory  animals  have  showii 
that  with  simultaneous  immunization  with  tularemia  and  brucellosis  as 
well  as  plague  living  vaccine*  and  with  killed  cholera  and  other  vaccines* 
immunity  to  these  components  develops  normally*  without  any  mutual 
interference  (see  Chapter  IX).  However,  in  people  the  possibility  of 
simultaneous  vaccination  against  tularemia  and  brucellosis  has  not 
been  studied  as  yet  (R.  S.  Amanzhulov*  1956*  and  others).  Ye.  A. 
Gubina  and  G.  P.  Uglovoy  (1958),  inoculating  185  persons  with  percu»| 
taneous  associated  brucellosis -tularemia  vaccine,  determined  its 
harmlessness  and  the  fact  that  it  "took"  successfully  (by  the  skin  inoct  - 
lation  test).  These  authors  made  it  clear  that  immunological  reorgani¬ 
zation  of  the  body  after  the  use  of  associated  vaccine  occurs  in  approx  ■ 
jimately  the  same  way  as  after  separate  inoculations  against  tularemia 


i  and  brucellosis.  These  data  permit  us  to  consider  it  possible  to  use 
•  associated  vaccination  against  tularemia  and  brucellosis  with  further 
study  of  the  duration  and  strength  of  immunity  to  both  infectious  dis¬ 
eases.  Inoculations  against  other  infectious  diseases*  from  now  until  i 
the  problem  of  associated  vaccination  against  them  is  solved*  should  j 
be  conducted  separately  from  tularemia  at  intervals  of  no  less  than  20| 
days.  After  a  tularemia  inoculation  the  other  inoculations  should  be  < 
given  no  earlier  than  a  month  later.  I 

i 

Conclusion  i 


Soviet  scientists  B.  Ya.  El'bert*  N.  A.  Gayskiy  and  M.  M, 
Faybich  have  illustriously  solved  the  problem  of  spocific  vaccine  pro¬ 
phylaxis  of  tularemia,  living  tularemia  vaccines  which  they  have  proj* 
posed  have  been  tested  by  time  not  only  experimentally  but  also  in  gen| 
eral  practice.  The  conference  on  tularemia  (1953)  convoked  by  the 
Ministry  of  Health  RSFSR  noted  that  in  the  attainment  of  a  major  redui 
tion  in  the  incidence  of  tularemia  in  foci  of  this  infectious  disease  the 
main  role  has  been  played  by  mass  prophylactic  vaccination  of  people.) 
We  should  not  be  limited  to  the  successes  achieved;  it  is  necessary  tOj 
do  further  work  on  the  study  of  the  effectiveness  of  vaccine  prophylaxis 
of  tularemia*  establishing  the  maximum  period  of  maintenance  of  vac*j 
cine  immunity,  particularly  after  revaccination,  and  on  further  im¬ 
provement  of  living  tularemia  vaccine,  using  it  in  association  with 
other  vaccines,  etc. 
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Chapter  X2 

System  of  Measures  in  Foci  of  Tularemia 
General  Comments 

Immunization  of  people  with  living  tularemia  vaccine  is  a 
moot  important  prophylactic  measure  in  foci  of  tularemia  because  of 
the  exceptional  effectiveness  of  the  latter.  Various  persons  have  ex¬ 
pressed  the  idea  that  in  the  presence  of  highly  effective  inoculations 
against  tularemia  the  prophylaxis  of  this  infectious  disease,  like  that 
of  smallpox,  has  become  a  purely  organizational  problem,  and  careful 
| use  of  vaccination  alone  can  completely  eliminate  tularemia  In  people 
in  the  area  of  its  natural  foci.  This  opinion  should  be  considered  er¬ 
roneous.  This  problem  cannot  be  solved  by  vaccination  alone  if  only 
because  part  of  the  population  remains  non -inoculated  as  the  result  of 
;  contraindications  (by  virtue  of  the  state  of  health)  to  the  inoculations  o:  * 
refusals  of  the  inoculations  by  various  persons.  In  addition,  a  certain 
part  of  those  inoculated  can  lose  their  immunity  before  the  time  of  re-' 
vaccination,  that  is,  before  five  years  (see  Chapter  X).  i 

In  contrast  to  smallpox,  tularemia  is  an  infectious  disease 
with  a  natural  focus  and  the  arrest  of  cases  of  the  disease  in  people  as 
the  result  of  vaccination  does  not  signify  the  health  of  the  natural  foci 
{themselves)  the  potential  danger  of  them  continues  to  exist  (V.  M. 

{ Zhdanov).  As  practice  has  shown,  mass  vaccination  of  the  population  > 
very  reliably  prevents  the  occurrence  of  epidemic  outbreaks  of  tular-  j 
Jemia  or  small  group  cases.  However,  sporadic  cases  of  tularemia  | 
among  people  from  time  to  time  continue  to  be  noted,  the  more  often 
{the  broader  the  contact  of  the  population  with  rodents  or  objects  con- 
jtaminated  by  them  in  the  presence  of  a  diffuse  tularemia  epizootic 
I  among  the  rodents.  Therefore,  vaccination  of  people  should  be,  of 
.necessity,  conducted  in  combination  with  other  measures  directed  at 
jthe  elimination  of  sources  of  infection  and  elimination  of  transmission; 
factors.  Tularemia  among  people  can  be  eliminated  completely  only  , 
as  the  result  of  planned  use  of  a  System  of  Measures  in  Foci  of  this  bv- 
jfectious  Disease.  Thereby,  the  vaccination  should  be  regarded  as  a 
'temporary  and  necessary  mc-ssure,  carried  out  until  natural  foci  of 
.tularemia  are  localized  and  then  eliminated  as  the  result  of  conducting 
; broader  health  improvement  measures. 

|  The  variety  of  episootological  and  epidemiological  mani-  * 

.  fe stations  of  tularemia  makes  the  prevention  end  control  of  it  compli-j 
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cated.  In  no  other  disease  do  we  have  such  a  multitude  of  sources  of 
the  infectious  disease  and  routes  of  transmission  of  It.  Nevertheless, 
the  prospect  of  eliminating  natural  foci  of  tularemia  should  he  consid¬ 
ered  real  un^er  conditions  of  further  growth  in  the  welfare  of  the  Sovidt 
Union  on  its  road  toward  communism,  the  material  possibilities  wherej 
in  will  be  exceptionally  great. 

Planning  of  Measures 

The  main  condition  for  the  success  of  taking  measures 
against  tularemia  is  comprehensiveness  of  them,  provided  for  by  brin^* 
ing  all  interested  organizations  and  departments  into  the  accorap'iah*  s 
ment  of  them  as  well  as  the  use  of  the  workers  themselves,  because  | 

•  through  the  forces  of  medical  workers  alone  the  prophylaxis  of  tularem- 
.  ia  cannot  be  effected  properly.  In  a  decree  (January  1960)  of  the  CC  ; 
CPSU  and  Council  of  Ministers  USSR  "Measures  lor  Che  Further  Im-  j 
provement  of  Medical  Care  and  Safeguarding  of  the  Health  of  the  Popu-4 
iation  of  the  USSR"  it  was  stated  that  community,  agricultural,  veter- 
!  inary,  public  education  organs  as  well  as  enterprises,  solvkhoses, 

!  kolkhozes,  administrative  and  public  organizations  and  the  population 
should  participate  along  with  public  health  organs  in  taking  measures 
for  the  reduction  and  elimination  of  infectious  diseases  including  tulara¬ 
emia.  In  accordance  with  existing  directives  of  the  government  of  the) 
USSR  each  republic,  kray  or  oblast  has  to  work  out  the  republic  (or  j 
j  kray,  or  oblast)  comprehensive  plans  of  measures  against  tularemia  ! 
j  every  year  (with  subsequent  approval  by  the  local  authorities).  On  the,' 
j  basis  of  them  rayon  (or  city)  plans  are  worked  out  in  every  rayon  en¬ 
zootic  for  tularemia  ae  applied  to  the  local  conditions.  j 

i  Comprehensive  plans  should  include  measures  directed  at: 

1)  elimination  of  sources  and  vectors  of  the  infectious  disease  *•  rodants 
j  (deratization),  ticks  and  other  arthropods;  2)  reduction  in  the  size  of  , 

‘  population  groups  susceptible  to  tularemia  (vaccine  prophylaxis);  3)  ) 
i  elimination  of  transmission  factors  of  the  infectious  disease  (general  j 
!  sanitary  measures  depending  on  the  characteristics  of  various  tularem- 
•ia  outbreaks).  Measures  for  avoiding  the  importation  of  tularemia  in¬ 


fection  to  new  territories  and 


measures  directed  at  health  improvement 
Id  be  included  in  the  comprehensive  plan 


of  natural  tularemia  foci  should  be  included  in  the  comprehensive  plan 
'also.  Each  of  these  major  divisions  in  turn  can  be  sufoiivided  into  j 
smaller  ones:  1)  organizational  measures  (notations  provided  by  the  { 
‘local  Councils  of  Workers1  Deputise,  orders  for  the  various  depart-  1 
msnts,  checking  on  their  execution,  holding  of  conferences,  etc.);  2)  j 
;  investigation  measures  (recording  the  census  of  rodents,  ticks,  dipt** 
al  vectors,  investigation  of  them  for  tularemia  infection,  investigated 
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of  the  sanitary  status  of  various  objects  /buildings  and  structures^! 
checking  of  the  immune  segment  among  various  population  groups);  3) 
measures  for  the  direct  accomplishment  of  one  division  or  another 
(agrotechnical  measures,  deratization  proper,  hunting  and  trapping 
certain  species  of  rodents,  the  destruction  of  ixodial  ticks,  vaccination, 
fulfillment  of  the  sanitary  norms  and  elimination  of  sanitary  defects  In 
various  objects);  4)  measures  for  the  preparation  of  cadres  (prepara¬ 
tion  of  physicians  and  medium -level  medical  workers  on  problems  of 
the  clinical  aspects,  diagnosis  and  prophylaxis  of  tularemia,  the  train  • 
ing  of  kolkhoz  and  sovkhoz  agronomists  on  rodent  control  and  veterin-  . 
ary  workers  on  the  matter  of  controlling  ticks;  training  of  kolkhoz  rat 
eliminators,  instruction  of  sanitation  authorities);  5)  sanitation  educa¬ 
tion  work  among  the  population,  popularizing  general  sanitation  preb- 
'lems  of  tularemia  control,  problems  of  vaccine  prophylaxis,  deratiza¬ 
tion,  tick  control,  etc. ;  this  division  is  of  very  great  importance  in  ■ 
tularemia  considering  the  high  degree  of  susceptibility  of  the  population 
to  it  and  the  possibility  of  extensive  spread  of  tularemia  epizootics  over 
the  territory. 

As  has  been  mentioned  above,  public  health  organs  alone 
{cannot  carry  out  the  entire  combination  of  measures  against  tularemia, 
(in  connection  with  which  accomplishment  of  them  is  entrusted  to  a  num- 
j be i  of  ministries,  departments  and  administrations.  Thus,  rodent 
■  control  should  be  conducted  by  kolkhozes  and  sovkhozes  under  the  di-  j 
•  rection  of  the  corresponding  organs  of  the  Ministry  of  Agriculture  as 
well  as  by  institutions  of  the  Ministry  of  Communications,  of  the  mari  - 
[time  and  river  fleets,  mercantile  institutions,  committees  of  govern-  j 
jment  reserves,  etc*  along  with  the  disinfection  service  of  the  public 
health  organs  (extermination  of  rodents  in  inhabited  places).  General  I 
‘  sanitation  measures  (including  protection  against  penetration  ol  rodents 
into  buildings)  are  taken  by  the  same  organizations  and  departments  j 
;with  the  participation  of  the  Ministry  of  Municipal  Service*  and  other 
'institutions.  The  hunting  of  water  rats  and  other  rodents,  which  are  j 
I  of  significance  as  sources  of  tularemia  Infection,  is  organized  by  the  j 
Tsentrosoyua  /Central  Union  of  Consumers'  Cooperatives^  through  the 
;  peripheral  organizations  subordinate  to  it.  Vaccination  of  the  popula-l 
-tier  is  conducted  chiefly  by  public  health  organs  as  well  as  by  other  j 
'departments  having  medical  services.  Tick  control  is  the  responsibil¬ 
ity  oi  the  kolkhozes  and  sovkhozes  under  the  supervision  of  the  veter¬ 
inary  service  of  the  Ministry  of  Agriculture. 

The  comprehensive  plan  of  measures  against  tularemia 
,  should  be  based  on  the  landscape  charact  r  is  tics  ol  the  given  oblast,  | 
‘kray,  republic,  both  as  a  whole  and  in  it?  various  parts,  as  well  as  on 
'the  characteristics  of  the  occupational  activity  of  the  population.  The  | 
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specific  characteristics  of  natural  tularemia  foci  existing  on  the  terri- 
tory  being  serviced  and  the  epidemiological  characteristics  of  cases 
of  tularemia  in  the  past  (the  main  types  of  tularemia  outbreaks)  are  of 
importance.  Consideration  should  be  given  to  climatic*  epizootologic* 
al,  occupational  and  epidemiological  characteristics  of  the  given  year. 
In  the  plan  which  has  been  made  out;  specific  numerical  figures  should 
be  given  on  each  division. 

The  accomplishment  of  the  comprehensive  plan  should  be 
regularly  checked.  Checking  on  the  accomplishment  of  the  entire  com 
bination  of  measures  against  tularemia  and  rodent  extermination  is  ca 
ried  out  by  the  executive  committees  of  the  local  councils  through  the 
sanitary-epidemiological  and  plague -control  stations. 

Measures  Directed  Against  Rodents  and  Ticks 

(The  technical  details  of  the  method  of  taking  the  census  of 
and  controlling  rodents  and  ticks  have  been  presented  in  appropriate 
instructions  in  the  book:  Tularemia.  Organizational-Methodological 
Materials.  Moscow*  1954). 


The  system  of  measures  against  rodents  is  made  up  of  the 
following  main  divisions:  1)  observation  of  the  rodent  census  and  time¬ 
ly  prediction  of  increase  in  it  (the  forecasting  service);  2)  the  preven  ¬ 
tion  of  mass  rodent  multiplication  (agrotechnical  measures);  3)  mcast 
ures  for  protection  against  penetration  of  rodents;  4)  direct  exterm  in  4- 
ation  of  rodents  (deratization  in  the  broad  sense). 

While  at  the  present  time  we  have  at  our  disposal  quite  a  ; 
j  good  method  for  carrying  out  the  first  two  tasks*  the  destruction  of  ! 

I  rodents  so  far  has  been  relatively  complex,  although  a  most  important 
!  problem.  Tt  is  considered  that  we  cannot  consider  all  rodents  entirely; 

!  by  modern  methods  of  deratization  (V.  N.  Fedorov,  I.  I.  Rogozin,  B.i 
!  K.  Fenyuk,  1955),  but  we  can  bring  about  a  marked  reduction  in  their! 

|  census  or  keep  it  from  reaching  an  epizootic  level.  We  should  concenl* 

;  trate  particularly  on  controlling  ticks,  because  these  arthropods  are  I 
1  not  only  one  of  the  important  routes  of  transmission  of  the  infectious  I 
disease  but  are  also  the  reservoirs  of  it  in  nature,  without  the  destrud- 
,  tion  of  which  it  is  difficult  to  count  on  eliminating  the  natural  tularemija 


foci. 


Regular  Observation  of  the  Census  of  Rodents  and  Timely j 


:  Predictions  as  to  its  Changes.  Recording  the  rodent  census  should  pre- 
i  cede  measures  for  controlling  them  and  should  be  conducted  systematf 
1  ically,  because  only  in  this  case  is  it  possible  in  a  timely  way  to  pre-j 
’  diet  the  changes  in  the  census  and  determine  the  volume  and  time  not  j 


only  of  extermination  operations  but  also  of  other  prophylactic  tularem¬ 
ia-control  measures  beforehand.  This  work  is  conducted  chiefly  by 
zoologists  in  the  departments  of  particularly  dangerous  infectious  dis¬ 
eases  of  the  sanitary-epidemiological  station  or  plague -control  institu  ¬ 
tions.  However,  in  those  oblasts  where  the  zoological  service  is  want¬ 
ing  in  the  departments  of  particularly  dangerous  infectious  diseases 
neither  the  agricultural  nor  the  public  health  organs  are  giving  atten¬ 
tion  to  the  matter  of  recording  the  census  of  rodents,  which  advances 
the  problem  of  organizing  such  a  service. 

The  main  attention  should  be  given  to  recording  the  census  . 
of  mouse-like  rodents  in  the  open  fields,  because  the  latter  constitute 
reservations  from  which,  during  the  autumn,  these  rodents  migrate 
into  and  settle  in  inhabited  places,  and  the  range  of  variation  in  the 
census  of  rodents  in  these  areas  is  very  great.  In  every  oblast  a  fixed 
observation  point  should  be  set  apart  whore  the  counts  are  made  every 
month.  In  groups  of  rayons  which  have  the  same  landscape  character¬ 
istics  and  which  are  different  from  the  others  check  points  should  be 
set  apart  in  which  the  investigation  is  made  every  quarter.  Finally,  i: 
is  advisable  to  keep  records  of  the  rodent  census  in  other  places  twice 
a  year,  in  the  spring  after  the  snow  goes  and  in  the  autumn  after  the 
harvest.  The  data  of  records  at  the  check  points  and  at  places  where  | 
episodic  observations  are  made  permit  clarifying  the  records  of  the 
fixed  point  as  applied  to  areas  with  different  landscape  conditions. 

The  records  are  kept  by  different  methods,  possible  for  th|e 
;  given  area,  because  the  plan  for  making  up  the  forecast  is  based  on  thje 
j  results  of  different  records.  In  the  fields  and  meadows  the  strip  methj- 
.  od  and  digging  up  the  holes  in  control  areas  are  used,  while  in  the  high 
;  grass  spaces  the  method  of  recording  is  by  trap-nighta.  This  method 
i  is  suitable  for  recording  the  numbers  of  rodents  in  the  woods  as  well 
i  as  in  structures.  In  ricks  and  hay-stacks  the  most  complete  data  are! 
j  obtained  from  a  count  made  while  restacking  the  hay;  however,  if  it  J 
!  is  impossible  to  do  this  the  data  of  the  records  of  trap -nights  can  be  j 
|  used  with  a  certain  correction.  A  count  of  the  water  rats  is  made  by  ^ 

|  combination  of  different  methods:  trap-linear,  trap-area;  in  flood  • 

!  water  a  count  of  the  rats  per  kilometer  of  shore  line,  or  a  count  of  the! 

J  patches  of  feeding  ground  per  100  meters  of  the  strip  for  which  the  j 
census  is  being  taken;  data  are  also  utilized  on  the  pelts  of  this  ani-  I 
mal  secured.  The  census  of  hares  is  taken  by  counting  the  tracks  ! 

'  crossed  by  the  control  strip  (after  the  first  snow),  by  the  difference  j 
j  between  incoming  and  outgoing  tracks  encountered  in  making  rounds  , 
of  a  certain  area;  the  data  on  the  number  of  pelts  secured  are  also 
used. 

By  means  of  a  comparison  of  the  record  data  of  the  census's 
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of  rodents  and  carnivores *  through  comparison  of  the  analysis  of  the 
rodent  population  with  the  farming  and  meteorological  characteristics 
of  the  given  period*  the  forecasting  of  the  census  is  made.  The  most 
complete  plan  for  making  forecasts  of  numbers  of  small  mouse-like 
rodents  (or  more  accurately*  the  common  voles)  was  worked  out  by  N. 

P.  Naumov  and  coauthors  (1953).  The  prediction  is  given  in  a  differ er  - 
tiated  manner  for  each  group  of  rayons  having  distinctive  landscape 
characteristics.  In  the  autumn*  no  later  than  1  October*  the  main  pre¬ 
diction  is  made  for  the  winter  and  spring  of  the  next  year  with  a  pre¬ 
liminary  prognosis  for  the  summer  and  autumn-winter  seasons  of  the 
next  year,  hi  the  spring  (no  later  than  the  end  of  May)  an  improved 
prognosis  is  made,  in  addition*  for  the  summer  and  autumn  of  the  cur- 
|  rent  year. 

|  Measures  for  Preventing  Mass  Occurrences  of  Rodents 

(Agrotechnical).  Taking  the  basic  agrotechnical  measures  correctly 
and  in  a  timely  way  deprives  the  rodents  of  shelter  and  food  and  is  per  • 
fectly  adequate  for  keeping  the  rodent  census  at  a  low  level*  avoiding 
the  possibility  of  an  epizootic.  Xn  the  literature  there  are  statements 
to  the  effect  that  in  the  fields  in  which  there  has  been  a  breakdown  of 
the  agrotechnics  the  rodent  census  can  be  several  times  greater  than 
in  fields  treated  by  all  the  rules  of  agrotechnics  (N.  A.  Rashkeyich,  j 
1953).  Of  particularly  great  importance  are  deep  fall  plowing*  breaking 
{the  stubble,  eliminating  the  balks,  careful  and  timely  mechanized  har-j 
i  vest  without  loss  of  ears  or  grains  (Fig  78). 

1  Pieces  of  straw  from  under  the  combines  should  promptly  j 

jbe  carried  off  the  fields  and  stacked.  It  is  recommended  that  the  stacks 
{be  placed  on  plowed-over  areas  at  a  distance  from  the  remains  of  old  > 
{stacks.  The  latter  as  well  as  the  unutilized  heaps  of  straw  should  be  j 
{burned  before  the  advent  of  the  spring  thaw.  Scatterings  of  grain  shou  d 
•be  immediately  picked  up  as  much  as  possible,  and  the  shoots  develop* 
ling  from  them  in  the  spring  should  be  mowed  down.  It  is  essential  to  j 
assure  a  high  quality  of  the  threshing,  because  in  substrates  with  the  j 
'highest  quantity  of  residual  grain  the  rodent  census  reaches  its  maxi¬ 
mum  (I.  L.  Kulik,  1951).  In  addition*  the  residual  grain,  germinating 
Jon  the  surface  of  the  stack,  provides  the  animals  living  in  it  reserves  ' 
jof  green  food  for  the  winter.  The  observance  of  proper  crop  rotation  | 
jis  exceedingly  important.  According  to  the  data  of  N.  A.  Rashkevich  , 
1(1953),  in  the  same  year  the  percentage  of  rodents  caught  was  differen  : 
in  different  fields  of  winter  wheat  in  the  same  kolkhoz.  In  the  fields 
!where  winter  wheat  had  been  present  before  the  crop  in  question  had 
been  sown  the  rodent  census  was  highest  and  amounted  to  14. 7  percent) 
jof  the  catch;  on  fields  which  had  been  fallow  or  contained  crops  that  j 
hadjbeen  Plowed wderjprior  to  the  current  crop  of  winter  wheat^the. _ J 
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j  Fig  78.  Change  in  the  Population  Density  o£  Rodents  (%  Caught  in  Traps) 
,  in  the  Stubble  of  Winter  Wheat  (after  N.  A.  Rashkevich).  1.  In  broken 
J  stubble;  2.  In  unbroken  stubble;  3.  First  days  after  the  harvest;  4.  ’ 

|  August;  5.  September;  6.  October;  7.  Percentage  of  the  number  of 
traps  set. 


total  rodents  caught  amounted  to  five -six  percent.  Simultaneity  of  the 
accomplishment  of  agrotechnical  measures  over  large  field  areas  has  ! 
an  essential  influence  in  reducing  the  rodent  census.  J 

Small  hillocks  of  grass  and  brush  should  be  destroyed  in  ! 
the  meadows,  because  they  are  shelters  for  the  voles  during  the  sprinjg 
flood;  in  the  autumn  and  winter,  they  are  places  of  shelter  for  certain 
species  of  pasture  ticks  (for  example,  Dermacentor  pictus).  In  addi-j 
tion,  the  small  hillocks  of  grass  and  brush  interfere  with  the  mechan-j 


ization  of  haymaking  operations.  Before  the  ripening  of  the  seeds  (in 
the  middle  of  the  summer)  the  weeds  should  be  cut,  with  particular  j 
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care,  for  a  distance  of  one  kilometer  around  inhabited  places,  in  edge* 
of  fields  and  forest  strips.  The  latter  should  be  cleared  of  brushwood 
because  the  mature  cluttered  forest  strips  are  good  areas  for  the  sur- 
vival  of  rodents  (N.  V.  Bashenina  and  V.  V.  Kucheruk,  1952;  N,  A. 
Rashkevich,  1953),  This  goal  is  achieved  by  cleaning  up  gardens,  mo*  v- 
ing  the  grass  on  them  and  using  row-spacing. 

For  the  purpose  of  preventing  an  increase  in  the  rodent 
census  in  inhabited  places  sanitary  order  should  be  maintained  on  thei  r 
territory:  destroying  weeds  on  the  streets  and  in  the  areas  around  the 
farmsteads;  filling  in  unnecessary  ditches  and  the  elimination  of  brok 
en-down  structures  unnecessary  for  farming,  regular  cleaning  of  rubt  - 
Ish,  straw  and  farming  wastes  in  yards,  streets,  and  vacant  areas; 

|  setting  up  cesspools  and  refuse  pits  in  every  yard  (in  the  cities  these  j 
are  to  be  made  of  concrete  or  lined  with  metal),  bringing  the  reserves! 
of  straw,  hay  a  distance  of  10  meters  away  from  living  quarters;  not 
permitting  that  hay  and  straw  be  placed  on  the  roofs  of  houses.  In 
carting  hay  and  straw  from  the  field  to  inhabited  places  they  should  be 
shaken  out  again  before  being  loaded  on  the  cart. 

Measures  for  Protection  Against  Rodent  Penetration.  Thei  :e 
measures  are  of  particularly  great  importance  in  inhabited  places,  be¬ 
cause  it  has  been  determined  that  without  them  it  is  impossible  to  re¬ 
duce  the  rodent  census  in  various  structures  and  installations  for  a  lopg 
time  by  extermination  operations  alone.  It  is  most  difficult  to  ratprodf 
various  structures;  this  is  of  secondary  significance  for  the  prophylaxis 
i  of  tularemia  and  more  important  for  the  prophylaxis  of  other  infectious 
|  diseases  (plague,  leptospirosis,  rat-bor»e  rickettsial  disease,  etc.). 

|  However,  other  species  of  rodents  can  subsequently  use  the  portals  of 
:  entry  of  the  rats.  It  is  also  difficult  to  bar  access  to  mice.  It  is  siml> 

I  plest  to  protect  the  various  structures  against  penetration  of  voles,  > 
j  Ratproofing  of  the  building  is  assured  by  a  stone  foundatioh 

1  one  meter  in  death,  bv  concrete  floors  in  the  cellars,  nackinor  in  the  I 


j  one  meter  in  depth,  by  concrete  floors  in  the  cellars,  packing  in  the  ! 
holes  of  pipes  and  tubes  with  cement,  screening  the  cellar  windows  and 
1  ventilation  openings  with  strong  fine  metal  screens,  lining  the  doors 
;  of  the  first  two  floors  with  metal  to  a  height  of  30  centimeters.  All 
j  objects  attached  to  the  walls  of  the  buildings  should  be  removed  so  thalt 
j  rodents  cannot  climb  up  on  them.  Storehouse  premises  should  be  conf* 

I  structed  either  on  a  stone  foundation  (with  a  stone  base  80  centimeter^ 
j  in  height  and  asphalted  or  concrete  floors)  or  should  be  set  on  wooden! 

or  brick  columns  80  centimeters  tall.  Iron  deflectors  are  driven  into 
|  the  wooden  columns,  while  ropes  dipped  once  a  month  in  a  mixture 
■  containing  one  part  of  a  phenol-cresol-coal-tar-oil  mixture  and  200 
>  parts  of  some  lubricant  (waste  oil,  pitch,  petroleum  distillation  resi- 
'  dues  /ma*out7)  are  wound  around  the  stone  columns.  Lean-to  ladders 
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should  be  taken  down  from  such  storehouses  immediately  after  use. 
Walls  and  ceilings  in  the  storehouses  should  not  be  made  hollow  within, 
because  they  serve  as  nesting  places  for  rodents.  Goods  within  the 
storehouse  should  be  set  at  a  certain  distance  from  the  walls  on  shelve  s 
or  platforms  raised  85-90  centimeters  above  the  floor.  Iron  deflectors 
are  driven  into  the  pedestals  of  the  platforms  and  shelving.  For  the 
purpose  of  protecting  storehouses  located  directly  on  the  ground  it  is 
recommended  that  they  be  surrounded  with  a  strip  of  chloride  of  lime 
three-five  centimeters  thick  and  20-25  centimeters  in  width,  sprinkling 
half  the  quantity  of  the  substance  twice  a  month  (B.  V.  Voskresenskiy,  . 
1943).  However,  the  effectiveness  of  this  method  needs  additional 
checking. 

Particularly  important  structures  should  be  surrounded 
with  gutter  traps.  The  gutters  recommended  for  this  purpose  40-50 
centimeters  in  depth  protect  only  against  common  voles,  and  then  not 
always,  as  has  been  shown  by  experiments  (P.  A.  Sviridenko,  1950). 
For  protection  against  mice  it  is  necessary  to  make  gutters  70  centimi- 
eters  deep,  50  centimeters  wide  at  the  top  and  70  centimeters  wide  at 
the  bottom.  At  the  bottom  of  such  a  gutter  poisoned  bait  is  set  in  order 
to  accelerate  the  death  of  rodents  which  fall  in  there  and  prevent  under¬ 
mining  of  the  walls.  With  the  latter  aim  in  view  it  is  also  recommend¬ 
ed  that  the  outer  wall  of  the  gutter  be  made  sloping  so  that  the  rodents 
can  leave  easily  (Y.  Y.  Modestov,  1925). 

It  is  advisable  to  dig  such  gutters  only  in  solid  ground  and 
they  should  be  cleaned  and  fixed  regularly.  This  complicates  their  uss 
for  such  abundant  and  widely  scattered  objects  as  ricks  and  haystacks, 
which  frequently,  incidentally,  are  located  on  soft  arable  soil,  where  j 
gutters  with  inclined  walls  will  constantly  cave  in.  In  such  cases  it  isl 
best  to  plow  under  a  strip  10  meters  in  width  around  the  haystacks,  I 

Measures  for  Rodent  Extermination.  Destruction  of  rodenjts 
can  give  a  perceptible  effect  only  in  combination  with  other  measures:! 
agrotechnical,  sanitary,  rodent-protective.  For  the  purpose  of  con-  ! 
trolling  rodents  various  methods  are  used:  chemical,  mechanical, 
biological,  and  a  variety  of  the  latter  --  the  bacteriological  method. 
Methods  of  destroying  rodents  have  been  presented  in  detail  in  the  coli- 
lection  Obligatory  Measures  for  the  Control  of  Mouse -Like  Rodents  j 
(1950)  and  in  appropriate  instructions.  (Tularemia.  Organizational-  ( 
Methodological  Materials,  pages  141-168).  Here,  the  characteristics 
of  extermination  of  only  those  species  of  rodents  which  have  a  bearing 
on  the  spread  of  tularemia  are  being  discussed  briefly.  j 

Mechanical  Methods  of  Extermination.  This  is  one  of  the  | 
oldest  and  most  common  methods.  Because  of  its  safety  for  man  and, 
domestic  animals  itjs  available  for  the  population  at  large.  It  is  used 
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chiefly  in  inhabited  places  in  addition  to  the  chemical  method,  and  in 
some  installations  (food,  children's  institutions)  if  is  used  almost  ex¬ 
clusively.  The  most  catching  tools  are  traps  of  the  "Hero1  V'Hero  Top' 
types  {ordinary  mousetrapsj,  wire  traps  of  various  kinds,  animal 
traps,  and,  for  the  larger  rodents,  the  Nos  0  and  1  leg-holding  traps. 
Extensive  use  is  also  made  of  various  "continuous-action"  traps.  T.N. 
Baranovskaya  (1956)  successfully  used  a  sticky  mass  made  of  rosin  an! 
castor  oil  (2:1)  for  the  purpose  of  catching  rodents;  this  mass  is  ap¬ 
plied  to  sheets  of  tarpaper,  plywood  or  cardboard.  These  sheets, 
placed  in  the  rodent  holes,  act  without  drying  for  15  days,  and  in  four- 
five  days  all  the  rodents  living  in  the  holes  are  caught  on  them.  In  ad¬ 
dition,  among  the  mechanical  methods  of  rodent  extermination  mention 
should  be  made  of  catching  them  with  gutter  traps  (see  above)  with  sub  » 
sequent  regular  destruction;  elimination  of  rodents  at  the  time  of  re- 
stacking  haystacks  and  threshing  ricks,  and,  finally,  the  method  of 
complete  digging-up  of  the  holes  proposed  by  N.  1.  Kalabukhov  (1944). 
This  method,  effective  in  limited  areas  where  there  is  a  small  number 
of  rodents,  is  not  very  well  suited  for  mass  deratization  because  of  itsj 
laboriousness.  j 

Chemical  Methods  of  Extermination.  At  the  present  time,  j 
these  are  the  main  and  most  effective  methods.  Poisoned  baits,  pois-! 
oned  drink,  dusting  the  holes  with  poisons,  etc.  are  used.  Recently, 
attempts  have  been  made  to  use  carbon  monoxide  (exhaust  gas  of  a  gas- 
generator  automobile)  for  the  purpose  of  destroying  rodents  in  vegetable 
vaults,  ricks,  haystacks,  piles  and  even  holes  (Stavropol'  Plague-Coni 
trol  Institute,  1953;  N.  M.  Dukel'skaya  and  S,  V.  Vishnyakov,  IS  j3;  j 
N.  V.  Nekipeiov  and  N.  D.  Altareva,  1954).  Before  beginning  the  use' 
!of  the  gas  the  object  being  treated  should  be  well  sealed  off  or  covered 
jwith  canvas.  ' 

I  Of  the  toxic  chemicals  very  extensive  use  is  made  of  the 

^preparation  "krysid"  (alpha -naphthylthiourea,  the  "ANTU"  of  foreign 
'authors).  The  high  degree  of  selective  toxicity  of  the  preparation  for 
| rodents  makes  it  possible  to  use  it  in  smaller  concentrations  than  other 
poisons,  which  makes  it  practically  harmless  for  man  and  animals. 
Because  of  the  insolubility  of  the  preparation  in  water  and  its  low  wetti- 
i bility  it  can  be  used  not  only  for  bait  but  also  for  poison  water  suspen-j 
sions  and  for  dusting  ’  .les.  All  this  has  assured  the  successful  mass  ■ 
Japplication  of  "krysid",  including  its  use  in  such  institutions  as  food  ' 
and  children's  institutions. 

Another  toxic  chemical  widely  used  at  the  present  time  is 
sine  phosphide.  Like  "krysid",  it  is  insoluble  in  water  but  readily  dis¬ 
solves  in  gastric  juice,  where,  after  combining  with  hydrochloric  acid, 
•it  produces  phosphine,  which  i«  toxic  to  the  organism.  The  pre;  iratiqn 
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itself  attracts  rodents  and  bait  containing  it  is  eagerly  eaten.  A  defec^ 
of  this  substance  is  its  toxicity  for  man  and  animals,  which  makes  it 
necessary  to  observe  precautionary  measures  in  using  it.  Apart  from 
these  preparations  use  Is  made  (less  often)  of  warfarin,  sodium  fluor¬ 
ide,  sodium  fluosilicate,  barium  carbonate,  sodium  arsenite,  red 
squill,  and  others. 

As  bait  for  mice,  bread,  groats,  dough,  cooked  vegetable^ 
and  grain  (sunflower  seeds  are  particularly  attractive)  are  used.  For 
voles  it  is  better  to  use  vegetable  green  baits  made  of  minced  fresh 
!  grass  or  steamed  hay.  Water  rats  prefer  bait  made  of  fresh  carrots 
!  or  the  root  portions  of  water  plants.  The  poisoned  bait  is  prepared 
I  either  by  mechanical  mixing  of  the  food  product  and  the  poison  or  by 
|  wetting  or  digesting  the  grain  bait  in  the  solution  of  poison  or  by  stick-j 
i  ing  powdery  poisons  to  the  bait.  For  the  purpose  of  sticking  the  poison 
to  the  grain  use  is  made  of  vegetable  oil,  flour  or  starch  paste;  for  thfe 
purpose  of  making  poison  stick  to  grass,  water  is  used  to  which  a  j 
small  amount  of  molasses  has  been  added.  For  the  purpose  of  destroy¬ 
ing  the  mice  the  following  concentrations  of  toxic  chemicals  are  needed 
fin  the  baits:  krysid,  one  percent;  zinc  phosphide,  six-10  percent; 
'warfarin,  four-five  percent;  barium  carbonate,  10  percent;  Sodium 
|  fluoride,  1. 5 -two  percent.  Sodium  arsenite  is  used  in  a  five  percent 
|  solution  for  the  purpose  of  wetting  grain.  According  to  the  data  of  N. 
jN.  Bakeyev  and  coauthors  (1956),  rye  and  wheat  grains  require  a  small- 
I  er  concentration  of  zinc  phosphide  (six  percent),  whereas  for  the  hull  { 
■grains  of  oats  a  concentration  of  the  poison  of  10  percent  is  needed,  bej- 
I  cause  when  the  rodents  remove  the  hulls  of  the  oats  part  of  the  poison  , 
{is  removed  with  them.  The  total  consumption  of  bait  varies  from  200  j 
grams  to  two  kilograms  per  hectare  depending  on  the  rodent  census,  j 
Ready-made  baits  are  distributed  either  on  the  surface  iq  J 
.places  which  are  most  visited  by  rodents  or  in  the  rodent  holes  or  in  I 
:  special  bait  boxes  containing  openings  for  the  entrance  and  exit  of  ro-  ! 
dents  (P.  A.  Sviridenko,  1951).  N.  V.  Bashenina  and  V.  V.  Kucher  uli 
1(1952)  suggested  scattering  baits  (in  the  woods,  strips  of  forest)  underj 
|heaps  of  diy  branches  or  straw  (long-term  effect  points). 

I  Attempts  have  been  made  to  mechanize  the  laborious  proc¬ 

ess  of  scattering  bait.  The  use  of  a  seed  drill  for  this  purpose  has  not 
justified  itself  because  of  the  excessive  expenditure  of  bait  (about  three 
{kilograms  per  hectare).  L.  A.  Surkova  and  Ya.  Y.  Tsys  (1956)  used 
a  tractor  drill  with  an  attached  trailer  on  which  there  were  seats  for  j 
{six  workers  who  scattered  the  bait  by  hand.  On  perennial  grasses  soli 
.id  sowing  was  used;  a  spoonful  of  the  bait  was  thrown  out  every  five  | 
{seconds.  This  gave  an  expenditure  of  1.2  kilograms  of  bait  per  hec-  j 
tare.  On  winter  crops  the  bait  was  scattered  only  around  the  colonies  j 
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of  voles  encountered,  which  considerably  reduced  its  outlay.  Where 
the  width  of  the  trailer  is  40  meters  and  the  speed  of  the  tractor  is  five  - 
eight  kilometers  an  hour  the  area  treated  per  worker  per  shift  was  in¬ 
creased  to  JO  hectares  (in  the  case  of  sowing  by  hand  it  was  three-sev<  n 
hectares);  the  fuel  consumption  amounted  to  520  grams  per  hectare. 

V.  A.  Abramov  and  A.  S.  Musatova  (1956)  used  continuous  sowing  of 
the  bait  from  a  moving  truck:  two  workers  scattered  the  bait  from  the 
sides  of  the  truck  and  one  from  the  back;  together  they  covered  a  strip 
30  meters  in  width.  Despite  the  somewhat  greater  expenditure  of  bait 
than  in  the  case  of  tractor  sowing  (1600  grams  per  hectare)  the  area 
worked  per  worker  per  shift  was  increased  to  100  hectares  (the  truck 
moved  at  a  rate  of  12-15  kilometers  per  hour),  while  the  fuel  consump* 
tion  per  hectare  was  reduced  to  200  grams.  All  this  reduced  the  cost 
.  of  the  work  from  57  kopecks  per  hectare  for  manual  operations  to  27 
kopecks  per  hectare.  In  the  case  of  high  rodent  densities  (5, 000-10, 000 
holes  per  hectare),  where  this  method  is  particularly  expedient,  the 
outlay  of  bait  should  be  increased  to  three  kilograms  per  hectare  sima- 
taneously  with  increase  in  the  concentration  of  the  toxic  chemical. 

Recently,  it  has  been  determined  that  for  deratization  pur* 
poses  water  with  krysid  or  zinc  phosphide  applied  to  its  surface  can  b< 
used.  In  the  wintertime,  in  unheated  storehouses  snow  which  has  beei 
dusted  with  poison  can  be  scattered  as  bait  (V.  I.  Vashkov,  1952).  N. 

P.  Naumov  and  coauthors  (1951)  suggested  a  method  of  dusting  the  holes 
with  the  poisons  for  the  purpose  of  controlling  the  common  voles,  whi<  h 
eat  baits  poorly.  He  based  this  idea  on  the  fact  that  the  rodents,  goinj 
over  the  dusted  areas,  get  poison  on  their  fur  and  paws  and  are  pois¬ 
oned  by  it  when  they  lick  it  off.  Where  there  are  a  small  number  of  • 

|  hole  entrances  a  hand  duster  is  used  in  the  form  of  a  rubber  bulb  with 

•  a  tip,  while  in  the  treatment  of  very  much  infested  areas  it  is  best  to 
I  use  a  knapsack  sprayer  and  duster  with  a  long  tip  in  order  to  be  able 
jt  work  without  bending  over.  For  each  entrance  hole  it  is  necessary 

to  use  from  0. 5  to  one  gram  of  krysid  or  zinc  phosphide.  Recently, 

!  recourse  has  been  had  to  dusting  the  holes  in  various  installations  andj 
!  structures  as  well  as  dusting  arti/ically- created  holes,  bait  boxes, 

■  vegetation  surrounding  the  holes,  etc. 

l  Biological  Methods  of  Extermination.  Underlying  them  axis 

•  the  natural  interrelationships  of  rodents  and  their  enomies  --  animals, 

I  birds  and  pathogenic  microbes.  It  has  been  determined  that  carnivor<r 
;  ous  animals  (foxes,  polecats,  weasels)  and  predatory  birds  can  to  a  j 

j  considerable  degree  destroy  a  rodent  population  in  various  areas  (S.  i 
j  S.  Folitarek,  1948;  Yu.  A.  Myasnikov  and  coauthors,  1953).  For  this 
j  reason,  hunting  four-legged  carnivores  which  exterminate  rodents  is 
^forbidden  (white  polecat,  weasel)  or  is  restricted  (fox,  raccoon-like 


dog,  steppe  polecat).  For  the  purpose  of  attracting  predatory  birds  to 
the  fields  (buzzard,  merlin,  common  kestrel,  and  members  of  the  cor  > 
vine  family)  it  is  recommended  that  poles  2. 5  meters  in  height  with  a 
transverse  bar  at  the  top  be  set  at  distances  of  100  meters  from  one 
another  and  the  birds  readily  sit  on  these.  Attracting  birds  by  means 
of  setting  up  these  poles  is  particularly  effective  in  perennial  grass 
fields  which  have  an  increased  rodent  census.  With  extermination  of 
the  rodents  the  poles  are  moved. 

In  inhabited  places  more  extensive  use  should  be  made  of 
dogs  and  cats  for  controlling  rodents.  In  spite  of  the  opinion  which  hai  . 
been  created  in  the  literature  to  the  effect  that  cats  when  infected  die 
of  tularemia  and  can  serve  as  sources  of  infection  for  people  (B.  V. 
Yoskresenskiy,  1943;  A.  F.  Komarova,  1945;  K.  A.  Dorofeyev,  1951 
and  others),  they  are  not  very  susceptible  and  in  practice  they  are  in*  [ 
sensitive  to  tularemia  (T.  N.  Dunayeva,  1954).  However,  in  occasional 
cases  cats  should  be  considered  mechanical  vectors  of  the  infection  on 
their  teeth,  claws,  etc.  after  they  bite,  scratch  and  others.  These 
cases  should  not  serve  as  an  obstacle  to  extensive  utilization  of  cats 
for  destroying  rodents,  including  rodents  in  foci  of  tularemia;  simply 
! caution  should  be  shown  with  respect  to  handling  these  animals.  An  ini* 

| te resting  report  by  T.  Ye.  Boldyrev  (1955)  on  the  use  of  cats  during 
the  Second  World  War  for  destroying  mice  in  dugouts,  blindages,  and 
trenches  in  foci  of  tularemia  states  there  were  no  authenticated  cases 
of  infection  of  people  with  tularemia f»m  cats  observed,  despite  the 
intensive  use  of  them  (more  than  2,000  animals).  Apparently,  death 
of  the  cats  when  masses  of  rodents  appear  occurs  from  other  infectious 
diseases  which  are  transmitted  to  the  cats  by  the  rodents  and  are  lethal 
;to  the  cats.  Possibly,  cats  die  of  listerellosis;  in  the  winter,  this  did- 
{ease  is  widespread  among  rodents.  The  cats  may  also  die  of  infectious 
,  diseases  of  virus  origin.  j 

|  Bacterial  Method  of  Extermination.  The  paratyphoid  mi-  i 

'crobes  of  Danysz,  Merezhkovskiy,  and  Isachenko,  pathogenic  for  ro-  j 
1  dents  but  safe  for  man  and  agricultural  animals,  are  used  for  rodent  j 
*  control.  However,  for  precautionary  purposes  it  is  not  permitted  to  j 
:  use  this  method  in  food  and  children's  institutions  nor  in  animal  hus*  I 


jbandry  farms  where  there  are  young  animals.  Biscuits  or  ground 
•  grain  are  dipped  into  the  culture  of  microbes  grown  on  a  special  medi 
um  or  else  tile  microb*  culture  is  mixed  with  flour  to  form  a  dough. 


For  the  purpose  of  controlling  mice  on  the  premises  the  bait  is  distrib¬ 
uted  in  2, 5  gram  units  in  the  holes  or  in  bait  boxes.  In  the  fields  the  j 


•  bait  is  dispersed  according  to  the  calculation  of  five  grams  per  eight-  j 
1 10  entrances  to  holes;  ir.  the  haystacks  it  is  placed  in  bait  boxes  or  isi 
distributed  in  large  pieces  (no  less  than  the  size  of  a  hen's  egg)  calcui 
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lating  one  gram  per  cubic  meter  of  the  substrate. 

In  the  presence  of  high  rodent  densities  the  salmonella  epi{ 
zootic  which  occurs  can  spread  by  contact  through  the  excretions  of 
sick  rodents  and  from  animals1  eating  their  bodies.  There  are  indica*| 
tions  of  the  face  that  60-90  percent  of  the  rodents  can  die  of  an  epizootic 
and  it  terminates  after  two-three  weeks.  Part  of  the  rodents  acquires! 
immunity  to  the  microbes,  as  the  result  of  which  it  is  recommended 
the  deratization  be  completed  with  chemical  agents.  This  method  is 
J  applicable  only  when  there  is  an  increased  rodent  census;  in  the  case 
of  low  rodent  densities  there  will  not  be  contact  between  the  rodents, 
and,  therefore,  there  will  be  no  conditions  for  the  spread  of  the  epi¬ 
zootic.  The  use  of  deratization  cultures  is  advisable  only  at  moderate 
temperatures;  high  temperatures  as  well  as  alternate  freezing  and 
! thawing  rapidly  cause  their  deaths.  The  effect  of  the  bacterial  bait  is  • 
increased  considerably  if  0.05  percent  krysid  is  added  to  it.  ! 

Characteristics  of  the  Control  of  Small  Mouse -Like  Rodents 
in  the  Field.  In  the  fields,  the  main  measure  which  prevents  mass  i 
multiplication  of  small  mouse -like  rodents,  is  the  observance  of  agro4 
technical  rules  (see  above)  and  direct  rodent  extermination  is  used  onty 
as  ah  auxiliary  measure.  For  a  long  time  it  was  believed  that  the  ex-  1 
termination  of  mouse -like  rodents  in  the  field  should  be  conducted  onlyj 
when  they  begin  to  cause  notable  damage,  that  is,  when  their  census 
reaches  threatening  dimensions.  One  of  the  last  proponents  of  this  con¬ 
ception  was  N.  I.  Kalabukhov  (1944).  In  the  past  the  error  and  inef-  I 
ficiency  of  such  control  was  pointed  out  by  A.  N.  Formozov  (1937),  B.) 
K.  Fenyuk  (1937)  and  N.  P.  Naumov  (1946).  They  suggested  a  better  ] 
.system  of  control:  the  daily  performance  of  extermination  operations  1 
Jin  places  of  accumulation  of  rodents  (survival  areas)  in  the  spring  whek 
| the  census  of  the  animals  is  minimal  and  it  is  possible  to  destroy  the 
'potential  progeny.  It  has  been  determined  that  the  survival  areas  are 
{usually  small  (10-12  percent)  compared  with  all  the  fields,  which  ac¬ 
celerates  the  work  and  makes  it  less  expensive.  This  system  of  meas 
(ures  was  developed  in  detail  by  N.  P,  Naumov  (1946)  and  it  was  checked 
by  him  and  coauthors  (1951)  under  field  conditions*  In  the  spring,  as  » 
soon  as  the  snow  melts  all  the  survival  areas  of  ths  rodents  are  deter-i 
.mined  by  means  of  investigation:  the  edges  of  the  forest,  strips  of  thej 
forest,  cultures  of  perennial  grasses,  waste  land,  balks  and  lapses, 
slopes  of  gullies  and  ravines,  shoulders  of  roads  and  ditches,  weeds,  ( 
residues  of  ricks  and  haystacks.  The  latter,  as  far  as  possible,  shoul^d 
| be  burned  promptly.  Immediately  after  this  in  the  survival  areas  all  i 
.the  holes  found  are  baited.  Before  the  beginning  of  vegetation,  when  j 
jthe  rodents  feel  a  shortage  of  food,  poisoned  bait  can  be  used;  later,  , 
it  is  preferable  to  dust  the  holes.  In  both  cases  it  Is  best  to  use  kiyti4 
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which  guarantees  safety  of  the  work.  If  it  is  difficult  to  find  the  holeu 
(strips  of  forest,  edges  of  the  forest,  lapses)  the  bait  can  be  placed 
under  artificial  bait  heaps  made  of  weeds  or  straw.  Such  heaps  with  a 
long-term  effect  and  containing  grain  bait  should  be  set  up  for  the  win¬ 
der,  checking  them  once  a  month.  During  the  summer  a  regular  check 
I  is  made  of  the  various  Hods  and  fresh  holes  found  are  baited  by  means 
of  dusting  with  krysid  (simultaneously  with  the  investigation).  The 
taking  of  such  a  combination  of  measures  reduces  the  census  of  mouse 
like  rodents  (voles)  to  negligible  figures  through  the  autumn  inclusive 
(Fig  79). 
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Fig  79.  The  Number  of  Voles  According  to  Record  Data  of  the  Census- 
in  1949  in  Experimental  an  Control  Areas  (on  the  Average  per  Hectai^) 
(alter  N.  P.  Naumov,  N.  M.  Duhel'skaya  and  V.  V.  Dombrovskiy,  ! 
1951).  1.  Control  area;  2.  Experimental  area.  < 


Straw  and  haystacks,  etc.  are  placed  on  the  plowed-over  j 
'areas,  and  in  the  autumn-winter  the  rodents  are  exterminated  in  them< 
by  means  of  placingJ>oxes  containing  poisoned  bait  in  the  straw^ajccordfi^ 
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to  the  calculation  of  one  box  per  10  linear  meters  of  the  perimeter  of 
the  object.  The  sizes  of  the  boxes  are  40x10x10  centimeters.  Instead 
of  the  bait  a  straw  cutting  or  chaff  dusted  with  poison  can  be  put  into  thje 
box.  The  bait  should  be  renewed  and  the  dusting  should  be  repeated 
every  month.  All  these  operations  are  conducted  by  the  we  11 'instructed 
kolkhoz  rat  eliminators  and  specially  designated  workers  of  the  sovkhc 
es  under  the  supervision  of  an  agronomist.  The  advantage  of  this 
schema  lies  in  the  fact  that  the  main  extermination  measures  do  not  ccj 
incide  with  the  period  of  mass  agricultural  operations.  For  the  purpose 
of  estimating  the  quality  of  the  operations  carried  out  before  and  after 
the  treatment  records  of  the  rodent  censuses  are  made.  The  work  is 
considered  satisfactory  if  the  census  comes  to  less  than  30  percent  of 
the  original  after  the  baiting. 

The  rodent  census  can  be  maintained  permanently  at  a  low! 
j  level  only  through  regular  yearly  accomplishment  of  this  combination 
of  measures. 

Characteristics  of  Control  of  Mouse -Liku  Rodents  in  Ihhabl 
ited  Places.  The  main  conditions  for  successful  rodent  control  in  in- 
(habited  places  is  a  good  sanitary  status  of  their  territory  and  construe}- 
tion  (see  above).  It  is  also  desirable  to  ratproof  the  latter. 

Rat-extermination  measures  are  taken  in  inhabited  places 
by  special  organizations  of  the  Ministry  of  Health,  Ministry  of  Grain 
Products  and  other  departments  (chemical,  bacteriological,  mechan- 
!ical  methods).  The  operations  are  conducted  according  to  a  plan  madd 
out  previously  in  accordance  with  agreements  reached  and  requests 
made.  In  addition,  the  disinfection  stations  or  disinfection  departments 
of  sanitary-epidemiological  stations  are  obliged  to  carry  out  continuous 
deratization  of  the  entire  inhabited  place  no  less  than  twice  a  year  on 
|the  basis  of  the  decision  made  by  the  local  Council  of  Workers1  Depu¬ 
ties.  The  most  convenient  times  for  this  are  the  periods  of  mass  mi- 
|  gration  of  rodents  into  the  inhabited  places:  the  period  of  advent  of  thd 
1  cold  weather  (October -November),  and  the  period  of  the  spring  thaw 
i  (March -April).  This  is  done  in  combination  with  simultaneous  partici 
Ipation  of  institutions  of  various  departments  engaged  in  rodent  exter- 
'mination.  Attention  should  also  be  given  to  the  destruction  of  rodents 
jin  areas  of  private  home  owners  near  farmsteads.  Simultaneously  wiljh 
regular  planned  deratization  the  directors  of  enterprises,  institutions^ 
land  home  owners  should  through  their  own  efforts  carry  out  regular  i 
concurrent  rodent  extermination  by  mechanical  and  biological  methods. 

I  In  conducting  rodent  extermination  in  inhabited  places  by  i 

!  chemical  and  bacteriological  methods  the  established  safety  regulations 
!  should  be  observed;  home  owners  should  be  notified  of  these  by  cor¬ 
respondence.  Rodents  killed  by  the  mechanical  method  should  be  give! 
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over  to  the  laboratory  of  the  department  of  particularly  dangerous  in¬ 
fectious  diseases  of  the  sanitary-epidemiological  station  (or  to  the 
plague -control  station)  for  bacteriological  study;  in  the  abs  mce  of 
proximity  of  these  they  should  be  burned. 

Characteristics  of  Rodent  Control  on  Transport.  Control 
of  mouse -like  rodents  on  transport  is  of  particularly  great  importance, 
because  infected  rodents  can  be  carried  from  foci  of  tularemia  epizoot  c 
along  with  the  freight,  which  has  been  noted  repeatedly  in  practice. 

On  the  right  of  way  of  railroads  chiefly  the  same  general  sanitary  and 
rodent-control  measures  should  be  taken  as  on  the  territory  of  inhabit  • 
ed  places.  The  supervisors  of  the  various  objects  and  areas  of  the 
railroad  service  are  responsible  for  accomplishing  these  measures. 
Rodent-extermination  measures  are  conducted  by  the  disinfection  de¬ 
partments  of  the  railroad  sanitary -epidemiological  stations  according 
to  contract.  In  the  work  of  continuous  deratization  in  inhabited  places 
adjacent  to  the  railroad  the  railroad  disinfection  service  should  partici  ¬ 
pate,  providing  for  measures  in  its  own  installations  and  -’ght  of  way 
i  in  accordance  with  the  total  comprehensive  plan.  In  the  right  of  way 
!  weeds  should  be  destroyed,  and  mouse -holes  should  be  baited. 

|  On  water  transport  the  main  attention  should  be  given  to 

j  control  of  rodents  on  the  territories  of  ports,  pier  structures,  as  well 
j  as  on  the  territory  of  water -transport  workers'  settlements.  Special 
t  detachments  of  reservoir  and  port  sanitary-epidemiological  stations 
!  accomplish  this  by  chemical,  bacteriological  and  mechanical  methods!. 

'  For  the  deratization  of  ships  the  gas  method  is  used  (when  rodents  are* 
found  on  the  ships).  It  is  forbidden  to  transport  goods  which  show  [ 
signs  definitely  indicating  that  rodents  had  settled  there  (gnawing,  ex-, 
cretions,  bodies  of  rodents). 

Characteristics  of  Control  of  the  Water  Rat.  Despite  the 
|  fact  that  the  water  rat  is  one  of  the  main  sources  of  tularemia  over  th^ 

!  major  portion  of  the  territory  of  the  USSR  and  does  considerable  dam-i 
1  age  to  the  national  economy  measures  for  controlling  it  have  been  j 
!  worked  out  inadequately  to  date.  The  following  meadows  improvement 
|  operations  may  be  recommended  against  the  water  rat;  drying  meadow 
;  bogs,  hill  cutting,  mowing  sedge  and  cutting  reeds.  The  boggy  sections 
i  should  be  cleared  of  brushwood  and  old  stumps,  where  the  water  rat  j 
j  finds  shelter.  The  main  method  of  exterminating  the  water  rat  so  far1 
!  is  mechanical.  This  is  chiefly  a  mass  hunt  for  it  with  the  aim  of  secur¬ 
ing  the  pelts.  The  rat  is  caught  on  objects  protruding  from  the  water  j 
!  during  the  spring  flood  as  well  as  by  leg -holding  traps  in  other  seasons 
j  of  the  year.  For  the  purpose  of  improving  this  method  of  controlling  | 

;  the  water  rat  a  good  price  has  been  set  on  its  pelt.  i 

'  S.  S.  Folitarek  and  coauthors  (1951)  suggested  setting  trap 
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along  specially  plowed  furrows  at  a  distance  of  10-15  meters  from  one 
another;  the  water  rat  catch  is  increased  by  four  times  thereby  with 
half  the  expenditure  of  time.  The  plowed  furrows  are  imitations  of  the 
trails  well-trodden  by  rodents,  which  the  animals  use  for  their  move¬ 
ments,  for  which  reason  the  water  rats  run  along  them  readily.  In  the 
.spring,  as  soon  as  the  ground  dries,  furrows  22-23  centimeters  in 
width  and  15-20  centimeters  in  depth  are  plowed.  They  are  arranged 
around  the  water  body  (bogs,  lake  "zaymishcha"  /this  is  a  Siberian 
name  for  lowland  bogs  covered  over  with,  reeds  and  rushes!).  The  fur  • 
row  should  have  smooth  perpendicular  walls  and  a  horizontal  level  bot-  - 
'tom.  In  setting  and  rebaiting  the  traps  one  should  walk  along  the  fur¬ 
row,  which  packs  its  bottom  down  and  prevents  the  formation  of  path- 
wavs  which  distract  the  rats  from  the  furrow.  Another  mechanical  ! 

i  •  • 

; method  of  exterminating  the  water  rat  by  the  same  authors  is  that  of  > 

] catching  the  animals  with  iron  or  Ruberoid  cylinders  dug  into  the  plowed 
furrow;  these  cylinders  have  wooden  bottoms  40  centimeters  in  depth 
and  a  diameter  of  16-22  centimeters.  This  is  less  successful,  because 
it  is  laborious  work  to  dig  the  pits  for  these  cylinders  every  10-15  met¬ 
iers  and  aside  from  this  the  outlay  of  large  quantities  of  roofing  materi  ■ 
als  is  not  profitable.  S.  S.  Folitarek'a  suggestion  that  the  water  rats 
be  caught  in  pits  sprinkling  a  kilogram  of  chloramine  in  each,  is  entire¬ 
ly  impractical.  | 

For  the  purpose  of  exterminating  the  water  rat  Yershova 
land  Gulidov  have  successfully  used  baits  made  of  pureed  potatoes,  carj- 
jrots  and  dry  potatoes  containing  five  percent  zinc  phosphide  or  calcium 
[arsenite,  placing  them  on  feeding-ground  areas,  and  at  the  time  of  a  j 
'flood  on  small  floats  anchored  to  the  bottom  which  move  freely  upward! 
Jand  downward  along  a  pole  with  the  water  level  (B.  Yu.  Fal'kenshteyn  I 
land  B.  S.  Vinogradov). 

S.  S.  Folitarek,  A.  A.  Maksimov  and  others  dispersed 
‘poisoned  bait  made  of  pieces  of  white  (under-water)  parts  of  sedge  and 
cattails  five-10  centimeters  in  length  on  plow  furrows  every  10-15  met¬ 
iers.  The  bait  (one  kilogram)  was  mixed  with  50  grams  of  zinc  phos- 
jphide,  or  was  soaked  for  two  days  in  three  percent  sodium  arsenite 
{solution.  As  the  bait  was  eaten  and  dried  out  it  was  replaced.  I 

j  V,  V.  Kucheruk  and  coauthors  (1958),  checking  different  j 

jpoisoned  baits  and  different  methods  of  using  them,  established  the 
'fact  that  water  rats  eat  baits  containing  zinc  phosphide  best  of  all;  thos’e 
containing  krysid  three  times  less;  and  even  less  for  the  other  poisons^ 
[The  rats  find  the  bait  most  completely  and  quickly  along  the  water's  » 
:edge;  and  it  should  be  set  out  hert.  They  take  the  bait  somewhat  latej 
'within  the  limits  of  the  border  of  the  sedge  on  the  shore,  while  outside 
of  this  border  they  practically  do  not  find  the  bait.  In  the  spring  and  1A 
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the  summer  the  rats  take  best  to  baits  made  of  delicatcd  under-water 
parts  of  the  sedge,  cattail  and  young  stems  of  the  water  thistle.  Early 
in  the  spring  and  in  the  autumn  the  animals  readily  eat  bait  made  of 
carrots,  by  the  use  of  which  containing  two  percent  zinc  phosphide  it  it 
possible  to  exterminate  almost  completely  the  water  rat  population  in 
various  water  bodies.  Grain  bait  at  the  same  time  gave  a  much  poorer 
effect,  in  contrast  to  the  data  of  M.  G.  Yakovlev  and  coauthors  (1955) 
who  recommended  grain  bait.  The  lack  of  promise  of  these  baits  for 
control  of  the  water  rat  has  been  shown  convincingly  also  by  V.  S. 
Yedykina  (1956)  in  a  series  of  laboratory  and  field  experiments.  Con-  • 
trol  of  the  water  rat  is  conducted  with  the  same  personnel  as  for  con¬ 
trol  of  the  mouse -like  rodents. 

Methods  of  Exterminating  Ixodial  Ticks.  Control  of  ixodia  . 
[ticks  under  natural  conditions  still  offers  difficulties.  It  can  be  con-  i 
[ducted  along  different  lines:  1)  agrotechnical  measures;  2)  destructiok 
!  of  rodents,  the  hosts  of  the  larval  and  nymph  stages  of  the  tick  (see  j 
J  above);  3)  the  use  of  natural  enemies  of  the  tick;  4)  extermination  of  • 

!  ticks  on  domestic  cattle;  5)  extermination  of  ticks  in  nature. 

|  The  combination  of  these  measures  makes  it  possible  suc- 

|  cessfully  to  control  chiefly  the  pasture  ticks,  particularly  those  specie  s 
which  in  the  mature  phase  are  parasitic  chiefly  on  domestic  animals. 

As  far  as  the  rodent  hole  ixodial  ticks  are  concerned,  which  in  all 
phases  of  development  are  parasitic  on  rodents  and  other  small  mam- 
i  mala,  control  of  them  is  difficult.  Destruction  of  these  ticks  is  possible 
I  only  by  means  of  exterminating  their  hoJts  or  dusting  the  holes. 

In  veterinary  practice  long  ago  a  regular  change  of  pastures 
I  was  suggested  as  a  measure  for  controlling  tick  infestation  of  cattle,  j 
j  However,  considering  that  various  species  of  ticks  can  live  without  j 
(food  for  up  to  five  years  and  others  have  a  biological  life  cy^le  which  ( 
drags  on  for  several  years,  stopping  the  grazing  of  cattle  on  a  pasture* 
•for  even  several  years  may  not  achieve  its  purpose.  Particularly  use*- 
less  is  stopping  the  use  of  the  pasture  for  a  total  of  a  year  (A.  L.  Dui1- 
i  kin,  1952).  After  grazing  on  an  area  infested  with  tickj  it  is  not  rec¬ 
ommended  that  cattle  be  driven  again  on  areas  free  cf  ticks.  Substitu 
jtion  of  artifically  sown  pastures  for  the  natural  tick-mfestcd  pastures  ' 

;  is  more  advisable.  Even  pastures  which  have  sown  for  many  years  j 
i(five  years)  contain  10-30  times  fewer  ticki  than  natural  pastures  (A.  J 
J  V.  Fedyushin,  1949).  Pastures  of  annual  crops,  in  which  the  ticks  die 
out  completely  during  the  plowing,  can  be  considered  practically  free  j 
!  of  parasitos.  In  case  it  is  necessary  to  use  natural  meadows  as  pas-  j 
jtures  they  should  be  freed  of  brush  and  hills  which  constitute  shelters  j 
|  for  the  hosts  of  the  larval  and  nymph  phases  of  the  ticks.  i 

An  attempt  has  been  made  to  use  a^  small  hymcnoptoHd,  J 
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Hunterellus  hookeri,  imported  from  the  United  States,  for  controlling 
ticks;  this  is  capable  of  parasitizing  the  nurophs  of  many  species  of 
ticks,  but  this  attempt  ended  without  success  (N.  I.  Alfeyev  and  Ya. 

V,  Klim&s,  1958).  This  species  of  insect  as  well  as  another  parasite 
j  species  were  then  found  to  be  natural  inhabitants  of  certain  places  of 
!the  USSR  (G.  S.  Pervomayskiy,  1947;  D.  I.  Blagoveshchenskiy,  1948; 
M.  N.  Nikol'skaya.  1950).  However,  further  development  of  tick  con¬ 
trol  by  means  of  using  these  parasites  did  not  occur,  apparently  be¬ 
cause  of  the  difficulty  in  breeding  them. 

Chemical  methods  of  controlling  ticks  have  been  more  suc-f. 
cessful.  First  arsenicals  were  used  for  this  purpose,  treating  tick- 
infected  cattle  with  them  (Ye.  N.  Pavlovskiy,  1928,  1935;  N.  O.  Olen 
ev  and  B.  X.  Pomerantsev  1948;  N.  I.  Alfeyev,  1935,  and  others). 
Then,  for  the  same  purpose  the  safer  preparations  DDT  and  hexachlorU 
ane  became  popular  (I.  A.  Yegorov,  1948,  1949;  V.  I.  Kurchatov  and  j 
coauthors,  1951;  Ye.  I.  Pokrovskaya,  1953,  and  others).  Specifically, 
these  preparations  were  used  with  full  success  for  destroying  ticks,  thie 
vectors  of  tularemia  (L.  A.  Pogodina  and  N.  G.  Olsuf'yev,  1950;  V.Gj. 
•Petrov,  1958).  According  to  the  data  of  L.  A.  Pogodina  and  N.  G.  Oil 
suf'yev  (1950),  most  effective  for  destroying  Dermacentor  pictus  tickf  , 
was  10  percent  DDT  dust;  treatment  with  this  four  or  five  times  at  j 
’seven-day  intervals  was  fully  adequate  for  protecting  cattle  against  . 

•  ticks  (Fig  80).  Fifty  grams  of  the  dust  are  used  for  a  single  treatment 
•of  a  single  cow  or  unsheared rfieep;  after  the  cows  shed  and  the  sheep 


are  shorn  the  expenditure  is  reduced  to  25-30  grams.  Five  percent 


i hexachlorane  dust  and  a  five  percent  ointment  of  these  preparations  in 
|  vaseline  (25  grams  per  animal)  was  effective.  It  is  recommended  that 
the  ointment  be  applied  to  places  in  which  the  dust  is  poorly  retained 


J. 


;A  poorer  effect  is  given  by  aqueous  suspension.  Only  the  favorite  spo 
jof  the  ticks  are  treated  (neck,  withers,  ears  and  upper  part  of  the  hea$). 
the  dust  is  applied  with  a  gauze  pledget;  the  ointment,  with  the  hands 
in  rubber  gloves.  A  defect  of  hexachlorane  is  that  the  odor  of  this 
| preparation  can  be  smelled  in  milk  of  the  treated  animals. 

Aside  from  vaseline,  vaseline  oil  (V.  G.  Petrov,  1958), 

> lubricant  grease  and  solar  oil  (V,  I.  Kurchatov,  1951;  Ya.  S.  Bolgov  i 
jand  Ye.  I.  Pokrovskaya,  1952,  and  others)  have  been  proposed  as  sol^ 
vents  for  DDT  and  hexachlorane.  However,  the  last -mentioned  sub-  . 

I  stance  in  a  number  of  cases  causes  burns  of  the  skin  in  the  animal.  • 

N.  Ye.  Yegorov  and  F.  M.  Leont'yev  (1949)  suggested  a  one  percent  ( 
(hexachlorane  solution  in  gasoline,  using  it  in  combination  with  seven  i 
;percent  dust.  B,  V;  Paychadse  (1951)  recommends  dissolving  DDT  t 
j  and  hexachlorane  in  creolin  (in  a  proportion  of  1:2  and  1:5,  respective  r 
:ly),  and  then  preparing  2, 5  percent  aqueous  emulsions  from  the  solution. 
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Fig  80.  Average  Census  of  Dermacentor  Pictus  Ticks  on  a  Single  Covj 
(Depending  on  Treatment  with  10  Percent  DDT  Dust.  On  the  left,  in  i 
■four  kolkhozes  where  the  cattle  w-re  not  treated  with  DDT  dust;  on  the 
!  right,  in  four  kolkhozes  where  the  cattle  were  treated  with  DDT  dust 
((after  L.  A,  Pogodina  and  N.  G.  Olsuf'yev,  1950).  1.  On  cows  untreat* 

,ed  with  DDT  dust;  2.  On  cows  treated  with  DDT  dust.  | 


!  However,  according  to  the  data  of  Ya.  S.  Bolgov  and  Ye.  I.  Pokrov- 
jskaya  (1952)  they  are  less  effective  than  the  oily  solutions.  According! 
j  to  the  data  of  N.  V.  Matikashvili  and  A,  P.  Rostomashvili  (1955)  a  soll- 
jution  of  hexachlorane  in  creolin  causes  irritation  of  the  animal's  skin.’ 
i  These  authors  replaced  creolin  with  an  aqueous  suspension  of  a  cellu¬ 
lose  sulfate  extract  (a  byproduct  of  paper  production)  with  the  addi¬ 
tion  of  askangel  clay  Ibcntonite  from  Askania,  Georgia,  USSBj  for 
j  stability  of  the  suspension.  Such  a  hexachlorane  suspension  does  not 
j  cause  irritation  of  the  skin  and  exerts  an  acaricldal  effect.  Nabokov'd 
..•tick*  have  been  used^s uc cesifuUotl^ fgjJiqk .qqjtf  x<)\ .la  qa.ttlai&.  Pj 
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Andreyev  and  A.  M.  Mitrofanov,  1955). 

Recently,  in  the  control  of  ticks  which  are  vectors  of  taiga 
encephalitis  methods  of  tick  exterminat  jh  have  been  worked  out  in  na-j 
ture  by  means  of  dusting  the  vegetation  with  DDT  or  hexachlorane  (N. 

;N.  Gorchakovskaya  and  coauthors,  1953,  and  others).  A  single  treat¬ 
ment  of  the  vegetation  up  to  one  meter  in  height  with  these  preparation^ 
(one  gram  per  square  meter)  led  to  the  complete  destruction  of  Ixodes 
persulcatus  and  Dermacentor  marginatus  ticks  (Pig  81). 

Further  observations  have  shown  that  a  single  ground  treatj 
ment  of  forest  litter  with  DDT  dust  using  30-50  kilograms  per  hectare 
assures  the  extermination  of  all  phases  of  development  of  Ixodes  per¬ 
sulcatus  ticks  during  the  year  of  treatment  and  the  maintenance  of  this 
effect  for  four  years  (N.  N.  Gorchakovskaya  and  coauthors,  1958). 
’Hexachlorane  treatment  gave  poorer  results.  The  use  of  an  airplane 
-for  dusting  the  vegetation  made  it  possible  to  conduct  extermination  opp 
'e  rations  over  considerable  areas.  M.  V.  Davydova  (1958)  reported  the 
1  successful  experiment  of  exterminating  Dermacentor  marginatus  ticksj 
I  and  Rhipicephalus  rossicus  ticks  on  the  territory  of  a  gully  by  means 
jof  ground  treatment  of  the  vegetation  with  12  percent  hexachlorane 
'dust. 


System  of  Prophylactic  and  Antiepidemic  Measures  for  Cases  (Chtbreak^) 

of  Tularemia 


The  first  work  on  the  epidemiology  of  tularemia  in  the  I 
I  USSR  contains  very  few  indications  of  prophylactic  and  antiepidemic  j 
•  measures  taken.  First  of  all  recommendations  were  worked  out  for  . 
the  prophylaxis  of  the  occupational  outbreaks  of  tularemia,  since  this 
•type  of  case  was  predominant  during  the  initial  years  of  study  of  tular* 
emia.  For  the  prophylaxis  of  other  types  of  tularemia  outbreaks  and 
'control  of  them  initially  agents  were  recommended  which  were  used 
'for  the  prevention  of  such  infectious  diseases  as  plague  (continuous  de  • 
iratization,  the  wearing  of  masks,  protective  goggles,  protective  cloth  • 
’ing  and  others),  intestinal  infections  (prophylaxis  of  water-and  food- 
jborne  outbreaks)  or  malarta.  (prophylaxis  of  arthropod-borne  outbreaks), 
j  Subsequent  antiepidemic  practice  showed  that  the  specificity 

.of  the  tularemia  infection  requires  making  considerable  corrections  • 
land  additions  to  these  methods  already  known.  Particularly  great  ex-( 
perience  in  tho  prophylaxis  of  tularemia  was  accumulated  during  the  { 

^ years  of  the  Second  World  War,  because  on  territories  liberated  fromj 
; temporary  occupation  considerable  tularemia  outbreaks  occurred  the  | 
[elimination  of  which  was  carried  out  by  the  public  health  organs  (V.  Ni 
Apekhtin,  1945).  In  solving  these  practical  problems  the  low  degree  j 
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{Fig  81,  Tick  Infestation  of  Control  and  DDT>Treated  Area  (after  N.  Nj 
‘ Go rchakovskaya  and  coauthors,  1953).  a.  Ixodes  per sulcatus;  b.  Doit- 
'macentor  m^rginatus;  c.  Day  of  treatment  of  the  area  with  the  prep*  ■ 
i  a  ration.  1.  Ticko  collected  per  man-hours;  2.  Treated;  3.  Control,  j 


of  suitability  or  poor  effectiveness  of  a  number  of  measures  previously 
!  proposed  was  clarified  and  a  search  for  new  more  cffcctivo  prophylac¬ 
tic  measures  became  necessary.  At  the  present  time,  for  every  epi¬ 
demiological  variety  of  tularemia  a  combination  of  the  basic  measures 
has  been  worked  out  making  it  possible  not  only  io_  reduce cocopletdly 
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eliminate  the  disease  but,  in  a  number  of  cases,  even  to  prevent  its  oc  ¬ 
currence,  despite  the  presence  of  an  epizootic.  The  majority  of  these 
measures  has  been  approved  in  appropriate  instructions  of  the  Minis¬ 
try  of  Health  USSR. 

We  consider  it  useful  to  begin  this  part  of  the  work  with  the 
measures  taken  for  the  prophylaxis  of  tularemia  in  any  case  and  then 
we  shall  proceed  with  the  sy  item  of  measures  for  the  various  types  of 
tularemia.  The  sequence  of  this  presentation  is  the  same  as  that  in 
Chapter  VI. 

Measures  Common  to  all  the  Epidemiological  Types  of  Tularemia 

Among  these  measures  mention  should  be  made  chiefly  of 
immunizatioa  with  living  tularemia  vaccine  with  the  aim  of  creating  a  \ 
maximum  immune  segment  among  the  population  which  may  be  threat-’ 
ened  with  tularemia.  Vaccination  has  been  described  in  detail  in  Chapj- 
ter  X;  in  the  presentation  of  the  prophylactic  methods  for  various  typds 
of  disease  (outbreaks)  which  follows  only  the  characteristic  features  oi 
its  application  in  every  individual  case  will  be  pointed  out.  Among  the 
general  measures  mention  should  also  be  made  of  the  extermination  of; 
rodents,  which  are  mass  sources  of  tularemia.  In  the  presentation  j 
which  follows  we  shall  indicate  only  in  a  most  general  form  the  charac¬ 
teristics  of  rodent  control  with  the  aim  of  prophylaxis  of  various  types 
of  outbreaks,  because  methods  of  rodent  extermination  have  been  de¬ 
scribed  in  greater  detail  above. 

j  Thorough  acquaintance  with  the  clinical  aspects,  diagnosis! 

|  epidemiology  and  prophylaxis  of  tularomia  by  district  medical  workers 
jis  also  a  very  important  general  measure.  This  is  accomplished  at  J 

•  brief  seminars  for  medical  workers  (two-day  seminars  for  physicians; 

|  one-day  t  minars  for  medium -level  medical  workers).  They  are  car4 
!  ried  out  ender  the  direction  of  an  epidemiologist  and  specialist  on  in-  j 
'factious  diseases  who  have  taken  a  throe -five -day  seminar  at  the  oblast 
|  sanitary-epidemiological  station  or  plague -control  station.  A  good  | 

! knowledge  of  tularemia  by  district  workers  considerably  improves  the* 

•  diagnosis  and  detection  of  tularemia  patients.  According  to  our  data  1 
|  (Yu.  A.  Myasnikov,  1955),  in  the  region  in  which  only  sporadic  cases! 
.of  tularemia  were  recorded  medical  workers  were  poorly  acquainted  ] 

| with  this  infectious  disease,  and  the  number  of  patients  with  tularemia 
who  wont  undetected  per  every  case  recorded  exceeded  the  same  ratio- 
‘in  another  ratio  by  a  fcw-score  times;  in  the  other  rayon,  outbreaks  • 
of  tularemia  were  noted  constantly,  and  the  local  medical  worker#  wejfe 


!  well  acquainted  with  it.  j 

:  With  increase  in  the  rodent  census  an  attempt  should  be  J 
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made  to  detect  the  epizootic  before  the  occurrence  of  cases  among  peo  ■ 
pie  for  the  purpose  of  timely  development  of  prophylactic  measures. 

"The  practice  of  'signaling*  the  presence  of  tularemia  after  detection 
of  cases  in  people  should  be  decisively  censured"  (V.  N.  Ter-Vartanov 
and  coauthors*  1943).  In  detecting  th$  tularemia  epizootic  its  boundar¬ 
ies  need  to  be  determined,  for  which  purpose  an  extensive  questioning 
of  the  population  is  organized  concerning  the  presence  of  deaths  of  ro¬ 
dents,  while  around  the  place  wher*»  the  epizootic  is  detected  rodents 
arc  used  for  bacteriological  examination  with  the  investigator  moving 
from  the  place  at  which  the  epizootic  is  found  toward  the  periphery. 
Sources  and  transmission  factor?  of  the  infectious  disease  suspected 
|  should  be  confirmed  bacteriologically  (see  Chapter  VIII). 

|  When  an  epizootic  or  cases  of  tularemia  are  detected  in  a 

rayon  mass  hcusc -to  house  rounds  should  be  made  with  the  aim  of  dcteci- 
!  ing  patients  with  tularemia.  For  this  purpose  the  sanitary  authorities 
and  active  members  of  the  Red  Cross  who  have  first  been  instructed  by 
a  medical  worker  should  be  used.  In  the  case  of  a  tularemia  epizootic 
encompassing  large  territories  simultaneously,  which  can  lead  to  the 
occurrence  of  disease  in  various  inhabited  places,  the  detection  of  all 
febrile  patients  through  the  forces  of  medical  workers  alone  is  prac¬ 
tically  impossible. 

Hospitalization  of  the  patient  with  tularemia  is  essential, 
despite  the  fact  that  he  does  not  constitute  a  source  of  infection  to  those 
around  and  can  be  hospitalized  in  general  internal  medical  wards.  Unf- 
der  hospital  conditions  laboratory  methods  of  diagnosis  can  bo  used  j 
'.most  completely  and  the  patient  can  be  given  effective  therapy,  while 
|  timely  laboratory  diagnosis  of  tularemia,  according  to  the  data  of  L.  ' 
j  M.  Khatenever  (1943)  is  the  basis  of  the  control  and  prophylaxis  of  i 
;this  infectious  disease.  Many  cases  have  been  described  where  a  tuLat- 
(emia  outbreak  was  diagnosed  as  "influenza",  "malaria",  etc.  for  a  lo*|g 
{time  (Ya.  S.  I<on',  1947,  and  others),  as  the  result  of  which  there  wa^ 
i*  delay  in  taking  appropriate  prophylactic  measures, 
j  A  considerable  segment  of  the  population  artificially  im» 

[mune  to  tularemia  makes  the  tularin  test  unsuitable  as  the  only  diagnoi- 
;tic  test.  Combined  use  of  the  tularin  test  and  the  complete  agglutina-  j 
■  tion  test  with  checking  of  the  increase  in  titer  (sec  Chapter  Vili)  is  a  j 
'  reliable  method  of  laboratory  diagnosis  of  tularemia.  This  latter  re-' 

I  action,  along  with  the  Widal,  Weil- Felix,  and  Wright  tests,  should  be; 
performed  in  every  clinical  laboratory,  and  if  there  is  none  in  the  rural 
•  hospital  the  blood  (or  serum)  should  be  sent  to  the  rayon  or  oblaot  lab  > 

.  oratory*  (In  an  extreme  case  one  cc  of  serum  dried  on  clean  white 
paper  can  be  sent).  When  tularemia  is  present  in  the  region  of  natural 
foci  ail  patients  admitted  to  the  hospital  who  have  had  a  fever  for  mor| 
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than  a  week, including  patients  with  sulfonamide  and  penicillin- re sistanp 
pneumonias  as  well  as  all  patients  who  have  lymphadenitis  should  be 
examined  serologically  for  this  infectious  disease. 

Hospitalization  is  necessary  even  at  the  climax  of  the  out-j 
break,  when  the  diagnosis  of  tularemia  has  already  been  established. 

In  this  case  hospitalization  pursues  the  aim  of  excluding  other  acute  inj- 
fectious  diseases  (typhoid  and  typhus,  malaria)  along  with  internal  med¬ 
ical  aids  to  the  patient,  because  patients  with  these  infectious  disease! 
have  frequently  been  taken  as  patients  with  tularemia  at  the  climax  of 
the  tularemia  outbreak.  Also  onlays  of  typhus  fever  on  tularemia  have  . 
been  described  (N.  S.  Polyanskiy,  1947,  and  others).  Only  after  lab¬ 
oratory  confirmation  of  the  diagnosis  of  tularemia  and  the  exclusion 
[  of  other  infectious  diseases  can  the  patient  be  discharged  for  outpatien: 

!  treatment  with  a  satisfactory  course  of  the  disease.  Note  should  also 
be  made  of  the  compulsoriness  of  sending  out  a  special  report  on  each! 
case  of  tularemia,  which  is  frequently  forgotten  by  physicians.  I 

Immediately  on  receiving  the  Bpecial  report  the  sanitary-  i 
epidemiological  station  (or  sanitary-epidemiological  department  of  thej 
hospital)  should  make  a  careful  epidemiological  study  according  to  a 
chart  which  has  beer,  specially  worked  out  (the  use  of  an  epidemiolog¬ 
ical  examination  chart  for  the  patient  with  zoonoses  and  arthropod-  j 
borne  diseases  is  permitted).  Epidemiological  investigation  of  the  first 
cases  in  an  inhabited  place  should  be  made  by  a  physician,  because  onj.y 
the  physician  can  properly  establish  the  clinical-epidemiological  par- 
| allele  and  determine  the  epidemiological  type  of  disease,  which  is  par¬ 
ticularly  important  for  the  proper  selection  of  the  combination  of  anti¬ 
epidemic  measures. 

A  very  essential  part  in  the  prophylaxis  of  all  tularemia 
I  outbreaks  is  played  by  sanitation  education  work  among  the  population,* 
(&nd  in  some  types  (domestic  infection,  infection  through  the  water  of 
!open  water  bodies  and  others)  this  becomes  a  leading  factor.  The  higg¬ 
ler  the  degree  of  sanitary  culture  of  the  population  with  respect  to  tulav- 
|emia  the  fewer  cases  of  infection  there  will  be.  When  a  tularemia  epi- 
!  zootic  occurs  in  a  region  the  sanitation  propaganda  about  the  prophylax- 
■  is  of  this  infection  should  be  intensified  considerably  and  should  be 
j  conducted  by  all  available  agencies:  the  distribution  of  popular  bro-  j 
churea,  leaflets,  placards,  inclusion  of  articles  in  the  local  newspap-1 
ers,  demonstration  of  popular  movies,  lectures  over  the  radio  at  en¬ 
terprises  and  institutions,  schools  and  kolkhozes  before  movie  audienj 
ces,  individual  and  group  talks  with  the  population  in  house-to-house  j 
rounds  and  at  the  time  of  vaccination.  In  accordance  with  the  type  of  j 
disease  there  is  a  change  only  in  the  groups  of  persons  on  the  sanita¬ 
tion  education  of  whom  the  main  emphasis  is  put. 
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Characteristics  of  Measures  for  Different  Epidemiological  Types  of 

Tularemia 

Measures  for  an  Arthropod-Borne  Infection  Through  Blood¬ 
sucking  Diptera.  Infection  through  blood-sucking  Diptera--  mosquitoes 
and  horseflies  --is  closely  connected  with  the  water  rat,  because  this 
animal  is  usually  the  source  of  infection  of  the  insects.  In  some  places, 
apparently,  the  infection  of  Diptera  from  sick  hares  is  possible.  De¬ 
spite  the  fact  that  this  type  of  tularemia  is  among  the  oldest  in  Russia 
and  was  one  of  the  first  to  be  observed  {in  1877  near  Astrakhan';  in 
1921,  in  West  Siberia,  etc.),  prophylactic  measures  for  arthropod- 
borne  outbreaks  for  a  long  time  remained  very  little  developed.  Vari¬ 
ous  authors  believed  that  the  measures  fer  the  arthropod-borne  out¬ 
breaks  are  identical  with  those  against  malaria  (B.  N.  Voskresenskiy, 
1943,  and  others),  but  this  opinion  should  b^  considered  without  basis. 
Other  authors  erroneously  recommended  measures  used  for  agricultur¬ 
al  outbreaks  --  agrotechnieal  measures,  destruction  of  waste  straw,  j 
early  threshing,  prohibition  of  the  carting  of  untreated  grain  and  othexj 
!  food  products  (V.  G.  Beletskiy,  1948;  A,  L.  Kartasheva,  1950)  -- fo^ 
jthe  prophylaxis  of  arthropod-borne  outbreaks.  There  is  no  need  to  j 
:  prove  the  unsuitability  of  these  measures  for  the  prophylaxis  of  arthroj- 
I  pod-borne  infections.  ! 

|  At  the  present  time,  the  main  method  of  prophylaxis  of  j 

,  cases  of  the  arthropod-borne  type  is  planned  vaccination  and  revaccina - 
j  tion  of  the  entire  population  (beginning  with  the  age  of  seven)  living  in  j 
jan  area  of  the  soddy-alluvial-boggy  foci  of  tularemia.  Persons,  includ¬ 
ing  citizens  who  have  temporarily  come  into  the  area  of  these  foci  for  j 
|  summer  work  (haymaking,  care  of  orchards,  improvement  measures  ^ 
j  etc. )  or  for  fishing,  hunting,  etc.,  should  also  be  vaccinated.  With  the 
i  occurrence  of  cases  of  tularemia  as  the  result  of  arthropod-borne  in-i 
'  fection,  which  indicates  the  presence  of  non-immune  persons  among 
I  the  population,  first  of  all  the  non-inoculated  population  should  be  for- 
|  bidden  to  go  into  areas  affected  by  the  epizootic  (river  valley,  shore 
region  of  a  lake,  etc.)  temporarily  before  complete  vaccination  is  car- 

•  ried  out.  The  population  should  be  permitted  to  enter  the  infected  terj- 
1  ritory  after  the  results  of  inoculation  have  been  checked  (in  the  pres-  : 

!  ence  of  a  positive  reaction),  that  is,  on  the  15th  day  after  vaccination.; 

This  comprehensive  method  of  prophylaxis  is  particularly  effective  j 
J  when  large  population  groups  are  simultaneously  exposed  to  the  possi-1 
|  bility  of  infection  on  a  limited  area.  j 

j  Using  the  imposition  of  a  quarantine  on  infected  meadows  j 

•  in  combination  with  mass  one -stage  vaccination,  we  obtained  the  oppor - 
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tunity  of  eliminating  completely  a  considerable  arthropod-borne  out¬ 
break  in  Permskaya  Oblast  in  a  very  short  time.  Of  great  significance 
in  these  prophylactic  measures  was  a  well-organized  mass  sanitation- 
education  operation  among  the  population  which  facilitated  both  the  ob¬ 
servance  of  a  quarantine  and  the  giving  of  the  inoculations.  If  in  the 
focus  mass  inoculations  have  been  given  before  permission  to  enter  the 
affected  areas  is  given  under  the  control  of  the  tularin  test,  which  con 
I  sidcrably  shortens  the  time  for  which  the  territory  needs  to  be  isolated. 

Because  blood-sucking  Diptera  can  transmit  other  infec¬ 
tious  discuses  aside  from  tularemia  and,  in  addition,  they  can  give  coiir 
siderable  trouble  to  people  those  inoculated  against  tularemia  should 
observe  a  numbes  of  additional  measures  during  work  in  a  river  valley , 
The  windows  and  doors  of  field  camp  quarters  and  inhabited  places 
;  located  along  the  edges  of  the  river  valley  should  be  screened,  and  if 
1  it  is  impossible  to  screen  them  bed  nets  should  be  used  during  sleep. 

•  The  inside  of  the  houses,  tents  and  field  transport  is  carefully  treated 
|  with  DDT.  If  there  is  a  very  low  vermin  census  the  areas  of  3kin 
should  be  left  exposed  as  little  as  possible  and  use  should  also  be  mado 
of  Ye.  N.  Pavlovskiy's  headnets.  The  net  is  attached  to  the  headgear 
so  that  it  protects  the  neck  and  falls  on  the  shculders,  leaving  the  face 
exposed.  The  protective  action  of  the  net  is  from  five  to  10  days. 
Dipping  the  nets  in  dimethylphthalate  and  dibutylphthalate  jelly  prolongs 
and  improves  their  repellent  effect. 

Recently,  for  individual  protection  of  man  against  vermin 
i  various  agents  have  been  recommended.  Most  effective  is  dimethyl 
i  ester  of  phthalic  acid,  dimethylphthalate.  The  preparation  can  be  ap~ 
j  plied  to  the  clothing  or  to  the  exposed  skin,  on  which  it  is  rubbed  with 
;  a  cotton  pledget  or  with  the  palms.  For  the  purpose  of  a  single  cover  ■ 
i  age  of  the  skin  of  the  arms  and  legs  60  drope  (three  grams)  of  the  prep- 
'  aration  are  required;  for  the  purpose  of  covering  the  skin  of  the  trunk 
up  to  the  waist  --  approximately  the  same  amount.  Treated  clothing 
■  preserves  its  repellent  effect  under  conditions  of  the  North  up  to  five 
|  days.  The  repellent  effect  of  treated  skin  is  briefer,  because  during 
;  work  the  preparation  is  moistened  with  perspiration  and  its  effect  de- 
i  pends  on  the  temperature,  humidity  and  other  factors.  In  a  temperate! 
j  climate  this  effect  lasts  four-five  hours  (F,  Yu.  Rachinskiy  and  co-  ( 
authors,  1951);  in  a  hot  steppe  area,  one -four  hours  (V,  A.  Nabc  .ov,; 
1955).  Dimethylphthalate  is  effective  against  all  groups  of  dipteral  vec¬ 
tors  with  the  exception  of  horseflies  when  they  attack  en  masse.  , 

j  Recently,  the  daytime  shelters  of  blood-sucking  Diptera 

i  grass  and  bushes  --  have  been  treated  successfully  with  DDT  and  hrxj- 
|  chlorane  preparations  (P,  G.  Sergiyev  and  coauthors,  1953),  Insects 
:  flying  into  the  treated  territory  die  or  lose  the  ability  to  bite.  Only 
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territory  on  which  people  work  or  live  should  be  treated,  and  the  bar¬ 
rier  around  it  should  be  30-50  meters  in  width;  0.4-0.  5  gram  of  the 
commercial  preparation  is  used  per  square  meter  of  surface.  In  the 
case  of  treatment  from  the  air  it  is  better  to  use  aviation  spraying  thai. 
aviation  dusting,  because  the  liquid  wave  is  less  carried  away  and  re¬ 
quires  a  lower  outlay  of  the  preparation.  It  is  also  recommended  that 
aerosols  obtained  from  burning  hexachlorane  smokepots  of  the  NBK 
(G-17)  type  be  used  for  the  control  of  winged  blood-sucking  Diptera  in 
an  open  locality.  The  best  results  are  obtained  from  the  use  of  smoke* 
pots  during  the  hours  of  dawn  in  windless  weather.  The  residual  effec 
of  the  smoke  lasts  for  10-12  days  with  an  expenditure  of  0. 8-1.0  gram 
of  commercial  hexachlorane  per  square  meter  of  surface  (V.  A.  Nabo 
kov,  1955). 

!  Because  water  rats  chiefly  are  the  sources  of  infection  in 

■arthropod-borne  outbreaks, and  work  in  the  river  valley  takes  place  in 
close  contact  with  sources  of  water  a  combination  of  measures  should 
be  taken,  aside  from  measures  for  the  prophylaxis  of  arthropod-borne 
infections,  for  the  prophylaxis  of  water-borne  infections  associated 
'with  an  epizootic  among  water  rats  (see  below).  I 

Measures  for  Arthropod-Borne  Infection  from  Pasture  Tic^. 
In  the  Soviet  Union  infection  of  people  with  tularemia  from  the  bites  of! 
ticks  or  as  '.he  result  of  crushing  them  1b  noted  comparatively  rarely,  ! 
by  contrast  with  the  United  States;  nevertheless,  measures  should  be 
taken  with  respect  to  this  route  of  transmission  of  the  infectious  disease 
also.  Cases  of  infection  from  ticks  undoubtedly  occur  more  often  than 
jthey  are  diagnosed,  and,  in  addition,  the  fact  should  be  taken  into  con- 
j  side  ration  that  in  addition  to  tularemia  ticks  can  be  vectors  of  a  num-  ( 
ber  of  other  infectious  diseases  dangerous  to  man  (tick-borne  encephal¬ 
itis,  hemorrhagic  fevers,  tick-borne  rickettsial  diseases  and  others).' 

|  The  main  measure  is  vaccination  of  the  population  living  j 

jin  the  locality  in  which  cases  of  attachment  of  ticks  associated  with  j 
tularemia  have  been  noted  (or  may  be  suspected).  Measures  of  persoi  - 
j  al  prophylaxis,  which  have  been  well  developed  and  are  finding  exten- 
;  sive  application  for  the  prophylaxis  of  tick-borne  encephalitis  ( G.  S. 
j  Pervomayskly,  1946),  tick-borne  rickettsial  diseases,  etc.  may  be  ad- 
I  ditional  methods  used.  These  measures  consist  of  wearing  protective! 
clothing  (V.  A.  Eskin  and  coauthors,  1944),  which  prevents  ticks  from 
!  crawling  on  the  body,  and  regular  checkups  with  the  removal  of  ticks 
which  have  attached  themselves  at  the  time  of  visiting  habitats  infested 
'with  the  tick  vectors  of  tularemia  (forest,  steppe,  bushes,  etc.).  Fox 
the  purpose  of  increasing  the  effect  the  protective  clothing  is  treated 
'  with  tick-repollent  substances,  for  example,  dimcthylphthalate  (S.  O. 

!  Gladkikh  and  Ye.  D.  Chigirik,  1954).  Camp  should  be  made  and  tentsj 
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should  be  pitched  it  areas  cleared  of  grass  and  litter. 

When  ticks  are  removed  mechanically  from  cattle  and  wheri 
sheep  are  shorn  caution  should  be  observed  that  the  ticks  be  not  crushed! 
After  contact  with  ticks  (or  their  excretions)  it  is  essential  to  wash  the 
hands  with  soap  carefully.  In  order  to  avoid  carrying  the  ticks  into  thej 
living  quarters  dogs  should  not  be  permitted  to  come  into  them;  dogs 
collect  a  large  number  of  ticks  on  themselves;  also,  it  is  not  recom 
mended  that  dry  twigs  just  brought  from  the  forest  be  used  as  fuel  in 
the  stoves.  Among  the  prophylactic  measures  for  this  type  of  disease 
mention  should  also  be  made  of  extermination  of  ticks  in  nature  and  on 
domestic  cattle,  which  has  been  discussed  in  greater  detail  above. 

Measures  for  Prevention  of  Infection  in  Hunting  and  Secur-j 
ing  the  Pelts  of  the  Water  Rat,  Muskrat  and  other  Animals.  In  this 
method  of  infection  cases  of  tularemia  can  occur  among  hunters,  those 
skinning  the  animals,  as  well  as  among  workers  in  hide-storage  placeq. 
Frequently,  the  water  rat  occupation  takes  on  a  grand  scale  and  a  con-j 
siderable  part  of  the  population  of  villages  located  near  rivers  or  lake* 
{participate  in  it.  The  main  prophylactic  measure  for  these  outbreaks  J 
jis  preliminary  vaccination  of  all  persons  participating  in  the  occupation 
land  members  of  their  families  against  tularemia.  According  to  exist-] 

| ing  instructions  on  the  prophylaxis  of  occupational  tularemia  infections 
i (Tularemia.  Organizational-Methodological  Materials,  pages  169-173 
(the  groups  mentioned  are  vaccinated  before  the  beginning  of  the  hunting 
{season  (no  later  than  15  days  before),  but  after  the  preliminary  per¬ 
formance  of  a  tularin  test  for  the  purpose  of  checking  immunity.  Only] 

| persons  in  whom  the  tularin  test  has  been  found  to  be  negative  are  in- 
joculated.  After  the  results  of  the  inoculation  are  checked  in  all  per-  j 
sons  in  whom  the  vaccine  has  been  inoculated  a  certificate  is  issued 
{giving  them  the  right  to  participate  in  hunting  water  rats,  muskrats, 
{hamsters,  moles  and  other  animals  and  in  securing  their  pelts.  Measr 
ures  of  personal  prophylaxis  recommended  previously  --  cotton-gauze' 
respirators,  protective  goggles,  rubber  gloves,  bactericidal  ointment* 
[for  smearing  the  hands  --  are  not  used  at  the  present  time;  however, 
{general  sanitary  measures  preventing  dissemination  of  the  infection 
‘have  maintained  their  significance  completely.  1 

|  Hunting  and  the  securing  of  pelts  should  be  conducted  in  anj 

organized  manner  (with  special  hunting  brigades)  which  facilitates  the  • 


{inspection  of  observance  of  sanitary  regulations.  All  catchers  and 
'skinners  should  be  provided  with  special  overall  suits,  rubber  or  oil- 
i cloth  aprons,  waterproof  boots,  and  oversleeve  gloves.  The  hair 


'  should  be  covered  with  headgear.  Killed  water  rats  are  carried  in  ir 
{pails  or  covered  boxes  or  wooden  boxes  lined  with  iron  inside. 


T 

After 


!  they  have  been  emptied  these  objects  as  well  as  the  transport  on  which 
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the  catch  has  been  carried  should  be  treated  with  three  percent  lysol 
solution  or  three  percent  carbolic  acid  or  two-three  percent  clarified 
solution  of  chloride  of  lime. 

The  catching  of  sick  animals  (inactive)  and  collection  of 
their  bodies  for  the  removal  of  pelts  is  prohibited.  It  is  recommended! 
that  the  bodies  found  and  sick  animals  which  have  been  killed  be  sent 
for  bacteriological  examination  or  that  they  should  be  burned  on  the 
spot.  Cases  of  mass  deaths  of  water  rats,  muskrats  and  other  rodent^ 
should  be  immediately  reported  to  the  local  public  health  organs,  and 
the  latter  should  promptly  inform  the  department  of  particularly  dange 
ous  infectious  diseases  of  the  sanitary-epidemiological  station  or  plague 
control  station  about  this.  There  is  no  particular  reason  for  not  per¬ 
mitting  the  removal  of  pelts  from  animals  in  which  "abscesses'’,  "fis¬ 
tulas",  or  "scars"  have  been  found.  Tularemia  in  water  rats  has  a 
course  like  an  acute  septic  process  and  rapidly  ends  in  death  (T.  N. 
Dunayeva,  1954),  as  the  result  of  which  the  abscesses  and  fistulas  and 
particularly  the  scars  do  not  manage  to  develop.  Subcutaneous  glands 
and  excretions  from  them  are  often  taken  for  these  lesions. 

Removal  of  the  pelts  and  drying  them  at  home  is  categoric¬ 
ally  forbidden.  For  these  purposes  skinning  stations  should  be  organ¬ 
ized.  They  are  set  up  in  barns,  huts,  etc.  no  nearer  than  one  kilomctj- 
er  to  an  inhabited  place  and  sources  of  water  supply  in  a  place  agreed 
upon  by  the  sanitary  organizations.  At  the  skinning  station  it  is  essen-f 
Jtial  to  have  chloride  of  lime,  five  percent  carbolic  acid  solution  or 
;three  percent  lysol  solution  as  well  as  shovels  for  burying  the  carcass 
ies.  The  latter  are  thrown  into  a  pit  1. 5-two  metersin  depth,  and  eaefy 
jbatch  is  sprinkled  with  chloride  of  lime.  When  the  pit  has  been  filled 
jto  a  level  one  meter  from  the  level  of  the  soil  it  is  covered  over  with 
jearth  and  a  new  one  is  dug.  It  is  forbidden  to  feed  the  water  rat  car- 
, casses  to  domestic  animals  and  utilization  of  them  for  commercial  pud 
'.poses  can  be  permitted  only  with  the  permission  and  under  the  control 
of  organs  of  sanitation.  On  completion  of  this  work  the  hunters  and 
jskinning  station  workers  should  wash  their  hands  and  special  suits 
(boots,  apron  and  oversleeves)  with  disinfectant  solution,  remove  thcrA, 
take  off  their  special  overalls  and  outer  clothing,  and  carefully  wash 
itheir  hands  and  faces  with  soap. 

|  The  dried  pelts  are  brought  to  the  storage  point  in  a  water 

:proof  container.  Extensive  sanitation  education  work  should  be  devel-: 
oped  among  workers  in  this  occupation  and  among  thoso  at  the  storage , 
Ipoint.  When  there  is  a  tularemia  epizootic  in  this  region  the  pelts  are! 
kept  in  a  dry  warm  room  for  two  months  before  being  shipped  from  th«| 
storehouse  of  the  regional  storage  office,  which  guarantees  the  death  i 
of  the  pathogen  (A.  N.  Knyazevskiy  and  V,  A.  Bordnikov,  1930;  P.  V.j 
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Somov  and  coauthors,  1939).  If  immediate  shipment  of  the  pelts  is  re 
quired  they  should  be  treated  in  a  special  chamber  with  chlorpicrin 
calculating  50  cc  of  the  preparation  per  cubic  meter  of  chamber  with  a 
load  of  300  water  rat  pelts  per  cubic  meter  or  200  muskrat  pelts  per 
cubic  meter.  Treatment  is  carried  out  at  a  temperature  of  30-35°  am 
exposure  time  of  20-24  hours  (P.  V.  Somov  and  coauthors,  1939)  with 
subsequent  airing  of  the  pelts  in  the  chamber  for  two-five  hours  and 
two-three  days  in  the  storeroom  until  the  complete  disappearance  of 
the  lacrimatory  effect  of  chlorpicrin.  Treated  and  untreated  pelts  are 
put  in  different  storehouses.  Checking  on  the  disinfection  of  the  pelts  . 
is  carried  out  by  organs  of  the  veterinary-sanitation  inspection,  which 
issue  a  certificate  of  disinfection  for  every  batch  of  pelts  being  sent 
out. 

In  the  case  of  occurrence  of  a  tularemia  epizootic  among 
water  rats  the  hunt  should  not  be  stopped.  Conversely,  it  should  be  in¬ 
tensified,  because  it  contributes  to  reducing  the  census  of  this  rodent 
and  stopping  the  epizootic.  It  is  characteristic  that  this  circumstance 
was  emphasized  by  even  the  first  investigators  of  occupational  out¬ 
breaks  (A.  Ya.  Krol1,  1933;  A.  A.  Miller,  1937),  but  various  subse¬ 
quent  authors  have  neglected  this  rule  and  recommended  that  the  occu¬ 
pation  be  stopped  (A.  L.  Kartasheva,  1950,  and  others),  and  only  re- j 
cently  has  the  expediency  of  this  measure  been  proved  and  encouraging 
prices  for  the  water  rat  pelts  been  introduced.  N.  G.  Olsuf'yev  and 
coauthors  (1958)  note  that  on  the  territory  of  the  Volga -Akhtubinsk  Riv- 
;  er  Valley  hunting  the  water  rat  has  played  an  important  part  in  the 
|  prophylaxis  of  tularemia  in  recent  years,  holding  back  the  increase  in 
|  the  water  rat  census  and  the  development  of  tularemia  epizootics  amohg 
|  them. 

I  Of  chief  significance  in  the  prophylaxis  of  tularemia  in  the 

|  muskrat  occupation  is  the  extermination  of  water  rats  and  regulation 
jof  the  muskrat  census.  Vaccination  of  muskrats  with  living  vaccine 
!  recommended  by  certain  authors  (S.  S.  Folitarck  and  others)  is  call* 

|  culated  more  to  soothe  muskrat  breeders  than  to  create  a  pack  of  | 

1  muskrats  resistant  to  tularemia,  because  the  vaccine  strain  cannot  be! 

'  transmitted  among  the  animals  by  the  contact  or  alimentary  route.  I 
j  Persons  participating  in  the  hunting  of  such  animals  highly  sensitive  t^ 
.tularemia  as  moles  and  hamsters  in  regions  enzootic  for  tularemia  . 

{  should  also  be  inoculated  against  tularemia  and  should  observe  the 
'  same  sanitary  regulations  as  in  the  water  rat  occupation, 

!  Hunting  and  storing  pelts  of  animals  susceptible  but  not 

(  very  sensitive  to  tularemia  (sousliks,  beavers,  black  and  brown  rats) 
j  does  not  present  a  real  danger  of  infection  of  people  with  tularemia, 
because  the  bacterial  seeding  of  the  bodies  of  these  animals  is  relatively 


282 


low  (T.  N.  Dunayeva,  1954).  According  to  the  evidence  of  R.  V.  Kon-j 
yshev  (1934)  in  the  North  Caucasus  hundreds  of  thousands  of  pelts  of 
sousliks  were  secured;  however,  no  cases  of  tularemia  were  noted 
among  persons  participating  in  this  occupation. 

In  connection  with  this,  prophylactic  measures  for  the  oc-| 
cupation  in  which  these  species  are  involved  should  be  directed  at  pre-| 
vention  of  other  infectious  diseases  which  may  be  transmitted  from 
them  to  man.  However,  some  authors  still  insist  on  vaccination  of 
persons  occupied  in  hunting  sousliks  against  tularemia  (N.  I.  Makarovj 
and  coauthors,  1955). 

Measures  against  Infection  during  the  Hunt  of  Hares  and 
Consumption  of  Their  Meat  as  Food.  Measures  in  these  methods  of 
'infection  should  be  considered  simultaneously,  because  isolated  ali- 
jmentary  infections  from  hares  are  encountered  extremely  rarely,  and 
in  the  great  majority  of  cases  they  are  combined  with  contact  infections 
from  the  skinning  of  the  animals  and  eviscerating  the  carcasses. 

As  the  main  prophylactic  measure  compulsory  vaccination 
should  be  recommended  for  all  hunters  as  well  as  their  family  members 
through  the  local  hunting  societies.  The  latter  is  particularly  essen¬ 
tial,  because  alimentary  infection  from  inadequately  cooked  hare  meat 
is  very  severe  and  at  times  fatal  because  of  the  massive  nature  of  the 
infective  dose.  Before  the  beginning  of  the  hunting  season  sanitation- 
education  work  should  be  conducted  with  the  hunters.  It  is  essential 
that  hunters  report  the  occurrence  of  death  among  hares  and  bring  the' 
i  bodies  of  the  hares  for  examination  to  the  sanitary-epidemiological  ed¬ 
ition.  ! 


|  After  hunting  hares,  skinning  the  animals  or  eviscerating  j 

•  the  killed  hare  as  well  as  after  preparing  hare  meat  as  food  it  is  nec-  | 
j  essary  to  wash  the  hands  with  soap  carefully,  and  existing  cuts  and 
abrasions  on  the  skin  should  be  smearod  with  iodine.  Children  should 
| be  eliminated  completely  from  those  operations  associated  with  the 
treatment  of  the  killed  hb  re. 

I  The  consumption  of  the  meat  of  hares  with  a  markedly  cn- 

:  larged  spleen  or  with  necrotic  nodules  on  it  or  on  the  liver  should  be 
'avoided.  Xt  is  particularly  important  to  boil  or  roast  hare  meat  care¬ 
fully  in  small  pieces,  whereby  the  former  method  is  more  reliable  for} 
disinfection  of  it.  All  objects  used  for  removing  the  pelt  and  working  ; 
with  the  carcass  should  be  boiled  or  treated  with  dry  heat  for  a  half-  ; 
hour.  If  the  hare  has  been  caught  in  the  season  in  which  ticks  are  par¬ 
asitic  measures  should  be  taken  to  prevent  their  crawling  away:  the  | 
j  killed  hair  should  be  placed  in  a  tightly-tied  bag;  before  skinning  the  | 
bag  and  the  body  of  the  hare  should  be  inspected  (particularly  carefully 
Around  the  ears  and_on  the,headL_and,aH_cx»W_UnLao«lattachcdLticks  1 
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should  be  removed  and  destroyed.  The  pelt  should  not  be  left  in  a 
house  for  the  purpose  of  drying. 

When  a  tularemia  epizootic  is  found  among  hares  the  sale 
of  hare  carcasses  on  the  market  should  be  temporarily  forbidden.  It 
is  desirable  that  this  restriction  be  made  also  when  an  epizootic  occurs 
among  small  mouse-like  rodents,  with  which  hares,  particularly  gray 
hares  [Le pus  europacusj  are  in  close  contact  in  the  winter.  At  meat 
!  control  stations  bacterioscopy  should  be  performed  of  smears  taken 
from  the  spleens  of  hares  and  the  precipitation  test  should  be  performs  1 
with  an  extract  of  the  organs.  If  there  is  a  positive  test  for  tularemia 
the  carcasses  should  be  removed  from  consumption. 

Measures  against  Infection  from  the  Water  of  Open  Water 
Bodies.  Prophylaxis  of  infection  from  water  of  open  water  bodies  is 
|  more  difficult  than  prophylaxis  of  well  outbreaks.  Water  not  only  of 
!  ponds,  small  lakes  or  brooks  but  sometimes  also  of  rivulets  is  infectejd 
(S.  P.  Karpov  and  V.  M.  Popov,  1949),  in  connection  with  which  it  may 
be  consumed  simultaneously  by  the  inhabitants  of  many  inhabited  plac¬ 
es  without  any  difference  in  age.  In  contrast  to  well  outbreaks  the  wat¬ 
er  of  open  water  bodies  can  be  infected  simultaneously  in  many  places 
from  water  rats  or  muskrats  or  their  bodies  infected  with  tularemia. 
This  infection  of  the  water  can  occur,  according  to  the  observations  ol 
A.  A.  Selezneva  (1949),  continuously  for  more  than  seven  months,  but 
even  this  time  apparently  is  not  the  maximum.  According  to  the  data 
of  A.  A.  Selezneva  (1949,  1950),  water-dwelling  animals  are  of  addi- 
■  tional  significance  in  infection  of  water  of  brooks;  however,  according 
t  to  the  data  of  N.  G.  Olsuf'yev  and  coauthors  (1959)  as  well  as  of  Am-  | 

{  erican  investigators  the  participation  of  them  is  not  obligatory  (see 
i  Chapter  V).  j 

I  The  difficulty  of  chlorinating  water  of  open  water  bodies,  ' 

t  particularly  running  water,  complicates  the  use  of  this  method  of  pro*j 
’  phylaxis  in  this  case.  The  main  measure  for  the  type  of  infection  un- ; 

‘  der  analysis  is  planned  vaccination  of  the  entire  population  living  alonjg 
{the  shores  of  water  bodies  exposed  to  infection  (for  example,  in  naturj 
|al  foci  of  the  foothill-brook  type,  whereby  in  cases  in  which  there  is  a; 
particular  danger  inoculations  should  be  given  even  to  children  begin- 1 
ning  with  the  age  of  two.  Of  great  importance  is  extensive  sanitation-j 
|  education  work  with  warning  about  the  necessity  of  using  only  boiled 
j  water  for  drinking,  washing  and  laundering.  V.  P,  Bozhonko  (1950)  in 
the  region  of  foci  of  the  foothill -brook  type  recommends  constructing  j 
good  wells  in  the  villages  and  field  camps  for  water  supply  of  the  popuh 
•  lation.  Along  the  shores  of  water  bodies  water  rats  should  be  killed  j 
’by  means  of  organisation  of  an  active  hunt;  the  reeds,  sedge  and  rus Iv¬ 
es  should  be  carefully  cut,  which  deprives  the  rats  of  shelter  from  car¬ 
nivores. - - 
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The  entrance  of  infected  water  of  water  bodies  into  the 
main  water  supply  system  can  cause  simultaneous  infection  of  a  large 
number  of  people  (M.  I.  Tsareva,  1945,  and  others). 

Such  cases  have  been  observed  from  consumption  of  the 
water  of  commercial  water  mains  for  drinking  purposes.  Prohibiting 
this  as  well  as  removing  connections  between  drinking  and  commercial 
water  supply  mains  are  important  prophylactic  measures.  When  inf  ca¬ 
tion  is  found  from  the  tap  water  the  water  supply  should  be  stopped  imf 
mediately.  The  use  of  water  from  the  drinking  water  supply  main  is 
renewed  only  after  careful  chlorination  of  it.  M.  1.  Tsareva  (1945) 

1  succeeded  in  stopping  new  cases  by  bringing  the  concentration  of  resid¬ 
ual  chlorine  up  to  one  milligram  per  liter.  Ts.  N.  Gotovskaya  and  j 
M.  Ye.  Magaram  (1945)  proved  experimentally  that  for  the  purpose  of! 
greater  reliability  in  the  disinfection  of  water  from  the  tularemia  pathb- 
gen  use  should  be  made  of  a  dose  of  active  chlorine  equal  to  1.  5-two  I 
milligrams  per  liter.  It  should  be  noted  that  the  entrance  of  house  J 
mice  sick  with  tularemia  into  elevated  tanks  and  reservoirs  can  imi-  I 
,  tate  infection  of  open  water  bodies  with  tularemia  microbe.  Therefore, 

!  with  the  occurrence  of  such  outbreaks  it  is  necessary  to  inspect  these] 
reservoirs  for  the  presence  of  dead  bodies  of  rodents  and  immediately] 
remove  them  if  they  are  found,  after  which  the  water  should  be  chlor-j 
inated.  ! 

Measures  against  Infection  from  the  Water  of  Infected  Wells. 
Cases  of  tularemia  in  people  from  the  consumption  of  well  water  most] 
i  frequently  arise  in  the  winter  in  connection  with  an  epizootic  among  j 
j  small  mouse-like  rodents  and  only  occasionally  come  from  the  falling] 

I  of  sick  water  rats  into  the  well.  After  the  determination  of  the  infect,'- 
j  ed  source,  which  is  usually  done  without  any  particular  difficulty  on  ] 
j  the  basis  of  questioning  the  patients,  the  well  is  immediately  covered 
]  and  sealed,  stopping  the  utilization  of  water  from  it  until  it  is  disin- 
!  fected. 


1  It  is  desirable  to  take  a  sample  of  water  promptly  and  senfl 

i  it  to  the  department  of  particularly  dangerous  infectious  diseases  of 
'the  sanitary-epidemiological  station  for  bacteriological  examination. 

;  Purification  and  chlorination  of  the  well  should  be  begun  without  delay. 

(  This  is  accomplished  in  the  following  way.  The  volume  oij 

water  is  determined  in  the  well,  for  which  purpose  the  area  of  the  . 
j  surface  of  the  water  is  multiplied  by  the  depth  of  the  water  layer.  Then, 
in  order  to  make  further  operations  safe,  the  water  is  hyperchlorinat-i 
!  ed  until  the  appearance  of  a  sharp  odor  of  chlorine  in  it  (80  grams  of] 

'  chloride  of  lime  per  cubic  meter  of  water).  Eight  hours  after  this  thej 
j  water  is  pumped  out  of  the  well  entirely,  the  bottom  and  the  walls  are, 
cleaned  of  silt  and  washed  with  one  percent  chloride  oflime  solution.  j 
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If  on  cleaning  the  infected  well  bodies  of  rodents  are  found  they  should 
also  be  brought  for  bacteriological  examination  to  the  department  of 
particularly  dangerous  infectious  diseases.  The  mud  and  silt  taken  out 
of  the  well  are  buried  at  a  depth  of  0.  5  meter  and  a  distance  of  no  less 
than  20  meters  from  the  well,  downstream  with  regard  to  the  move¬ 
ment  of  ground  water.  After  repair,  cleaning  the  well  and  filling  it 
with  water  disinfection  is  accomplished  again  by  means  of  adding  40 
grams  of  chloride  of  lime  per  cubic  meter  of  water  and  exposing  this 
for  six  hours.  After  treatment  the  water  is  pumped  out  until  the  chlor 
ine  odor  in  the  water  disappears,  and  then  use  of  the  well  is  permitted] 
(V.  I.  Vashkov,  1952). 

For  radical  prophylaxis  against  infections  of  this  kind  carcj- 
ful  and  everyday  inspection  of  the  sanitary  status  of  wells  are  necess 
[ary.  The  walls  of  the  wells  should  be  elevated  above  the  surface  of  th^ 
ground  by  no  less  than  80  centimeters  and  should  not  have  any  cracks 
making  penetration  of  rodents  possible.  Around  the  upper,  under¬ 
ground  portion  of  the  well  a  "lock"  should  be  made  0.  5  meter  in  width 
and  1. 5-two  meters  in  depth  made  of  well  kneaded  loam  which  has  beei 
| tamped  down  in  layers.  In  the  winter,  when  a  coating  of  ice  forms  the] 
ice  should  be  placed  around  the  well  in  order  to  prevent  the  entrance 
of  rodents  into  it.  The  wells  should  be  supplied  with  a  tightly -fitting 
cover  and  a  bucket  for  general  use.  When  a  tularemia  epizootic  oc cur |i 
in  the  inhabited  place  it  is  necessary  from  time  to  time  to  chlorinate 
the  wells  for  prophylactic  purposes.  During  this  period  only  boiled 
or  chlorinated  water  can  be  used  for  drinking  or  washing. 

Measures  against  Infection  at  Winter  Agricultural  Opera- 
Itions.  In  the  recent  past  (before  1952)  the  great  majority  of  agricultdr- 
jal  tularemia  infections  in  the  USSR  occurred  during  the  winter  thresh-| 

» ing,  as  the  result  of  which  timely  completion  of  the  threshing  of  the 
<  grain  (no  later  than  October)  was  considered  the  most  important  pro- 
\  phylactic  measure  for  agricultural  outbreaks.  However,  as  was  justi 
'  fiably  noted  by  N,  G.  Olsufyev  and  coauthors  (1950),  "timely  thresh-! 

I  ing  cannot  completely  prevent  cases  among  people  if  the  rodent  censu^ 

•  is  high".  At  the  present  time,  the  so-called  'threshing"  outbreaks  of! 

!  tularemia  have  almost  stopped,  which  is  associated  with  the  extensive- 
j  incorporation  of  mechanization  into  harvesting  operations,  but  cases  | 

I  of  infection  are  still  noted  associated  with  other  types  of  agricultural  j 
'  operations  (sorting  and  drying  of  the  grain,  preparation  of  seeds  for 

,  sowing,  carting  potato  clamps,  straw  and  hay  to  animal  husbandry  t 
'  farms,  etc.).  According  to  eur  observations,  in  Tul'nkaya  Oblast  in 
:  1949,  in  the  complete  absence  of  unthreshed  ricks  the  cases  of  infec- 

*  tion  during  agricultural  operations  amounted  to  13. 5  percent  of  all  < 

'  cases  of  tularemia.  ! 
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In  foci  of  agricultural  outbreaks  of  tularemia  all  the  rural 
population  beginning  with  school  age  should  be  inoculated.  The  high 
degree  of  epidemiological  effectiveness  of  this  measure  for  the  prophyl¬ 
axis  of  agricultural  infections  has  been  noted  by  many  authors  (see 
Chapter  X).  The  inoculations  should  be  given  to  the  city  population 
which  has  been  sent  out  for  agricultural  work  in  a  locality  unfavorable! 
with  respect  to  tularemia.  In  accordance  with  the  instructions  of  the 
Ministry  of  Health  USSR  (Tularemia.  Organizational-Methodological 
Materials,  page  180),  in  cases  where  threshing  is  necessary  in  the 
winter  and  spring  in  the  presence  of  mass  deaths  of  mice  (epizootics) 
in  the  ricks  only  those  vaccinated  against  tularemia  or  people  who  hav^ 
had  it  and  react  positively  to  the  tularin  test  should  be  permitted  to 
work. 

Before  the  introduction  of  vaccination  many  authors  rec¬ 
ommended  that  the  threshing  and  other  agricultural  operations  be  con* 
ducted  in  respirators,  protective  goggles,  etc.  At  the  present  time, 
these  measures  can  have  only  general  hygienic  but  not  antiepidemic 
significance.  The  recommendation  of  A.  A.  Miller  (1937),  B.  V.  Vos}- 
kresenskiy  (1943)  and  others  that  agricultural  operations  be  carried 
out  in  rubber  gloves  as  a  measure  for  preventing  tularemia  was  inac- 
ceptable  in  practice.  However,  in  carrying  out  agricultural  operation^ 
in  foci  of  tularemia  it  is  necessary  to  observe  measures  of  personal 
hygiene  --  to  work  in  canvas  oversleeve  gloves,  to  carefully  clean  thel 
|  dust  off  the  clothes  (or  change  the  clothing),  wash  the  hands  with  watej 
j  and  soap,  etc.  before  eating  or  after  the  conclusion  of  the  work. 

In  those  cases  where  not  all  persons  participating  in  the 
agricultural  work  have  been  included  in  the  inoculations  and  cases  of 
tularemia  have  appeared  this  work  should  be  stopped  immediately  for 
i  a  time*  and  all  the  workurs  should  be  investigated  with  the  tularin  tes^. 
i  (Persons  who  have  had  tularemia  in  the  past  or  who  have  been  inocula^* 
j  ed,  which  is  learned  by  means  of  questioning,  are  temporarily  assigned 
!  to  the  operations  which  cannot  be  stopped  (for  example,  carting  and 
|  giving  of  feed  to  the  cattle),  but  simultaneously  a  tularin  test  is  per- 
,  formed  on  them  also).  Forty-eight  hours  after  checking  the  results  o( 

’  the  test  only  persons  who  show  a  positive  reaction  to  the  tularin  test  I 
are  permitted  to  work  at  the  infected  installations;  the  others  are  vacj- 
cinated  and  permitted  to  work  at  these  installations  no  sooner  than  1 2 4 
14  days  later*  when  thore  is  a  positive  skin  test  to  the  inoculation.  At 
‘  one  installation,  despite  the  previous  high  morbidity  rate,  we  succced- 
!  ed  in  preventing  now  infections  completely*  after  threshing  of  the  cer4 
(  eal  crops  had  been  stopped  for  a  total  of  two  days.  j 

In  foci  of  agricultural  outbreaks  measures  for  the  preven-j 
tion  of  the  straw,  grain  and  Other  agricultural  products  or  for  the  di§i 
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infection  of  them  are  more  difficult.  These  measures  have  been  de¬ 
scribed  in  detail  in  the  appropriate  instructions  (Tularemia.  Organi¬ 
zational-Methodological  Materials,  pages  180-183);  here,  we  shall 
dwell  only  on  the  most  important  factors.  The  basis  of  prophylaxis 
consists  of  not  permitting  the  settlement  of  small  mouse-like  rodents 
(common  voles,  house  mice,  etc.)  in  the  stacks  of  straw,  haystacks, 
etc.  left  on  the  fields  or  barnyards  for  the  winter  or  the  prevention  of 
settlement  of  rodents  in  stcrenouse  premises  where  the  gathered  graiiji 
is  kept.  The  stacks  of  hay  and  straw  should  be  entrenched  in  gutter 
traps,  which  prevent  the  settlement  of  rodents,  but  this  measure  is  nojt 
applicable  to  freshly  plowed  fields.  In  these  cases  it  is  useful  to  plow 
out  a  strip  no  less  than  10  meters  in  width  around  the  haystacks  and 
straw  stacks.  New  stacks  should  not  be  placed  near  the  remains  of 
the  straw  left  for  the  winter.  The  latter  should  be  burned  before  the 
spring  thaw. 

For  the  purpose  of  destroying  rodents  in  the  stacks  of 
straw  or  hay  in  various  cases  the  objects  were  subjected  to  gas  from 
chlorpicrin.  However,  this  measure  is  inacceptable,  because  chlor- 
picrin  makes  straw  unsuitable  for  use  and  deprives  the  seeds  of  oil¬ 
bearing  crops  of  their  germinating  power  (N.  I.  Kalabukhov,  1944), 
whereas  the  bactericidal  effect  of  it  is  doubtful  under  these  conditions 
B.  V.  Voskresenskiy  (1940)  reports  the  isolation  of  the  tularemia  path¬ 
ogen  on  examination  of  straw  two  weeks  after  exposing  a  straw  stack 
to  chlorpicrin  gas.  The  use  of  cyanide  cakes  and  cyanide  dust  is  inadj> 
visable  in  the  straw  stacks  because  of  their  volatility  (N.  I,  Kalabukhqv, 
1944).  Apparently,  the  use  of  exhaust  gas  of  an  automobile  is  more 
practical,  but  thereby  no  bactericidal  effect  is  produced. 

With  the  aim  of  disinfecting  the  infected  object  it  is  recom1- 
mended  that  it  be  restacked  and  that  the  lower  layers  of  straw  in  vdiich 
the  rodents  are  concentrated  be  burned.  However,  this  method  is  lab* 
orious  and  it  is  not  much  useu  in  practice.  Grain  and  straw  from  in¬ 
fected  objects  are  carefully  freed  of  bodies  and  rodents.  The  grain  is 
put  in  storehouses  into  which  the  rodents  have  no  access  and  is  permit¬ 
ted  for  use  after  it  is  kept  for  30  days  after  the  evident  of  persistently 
positive  temperatures  (above  10°). 

j  In  the  presence  of  a  temperature  which  is  constantly  belovf 

.  zero  the  tularemia  pathogen  is  preserved  in  grain  and  straw  no  less 
J  than  192  days  (L.  A,  Pcmanskaya,  1957).  The  recommended  quaran-[ 
tine  periods  change  at  different  temperatures  (Table  42). 

As  an  additional  measure  which  does  not  eliminate  the 
i  need  for  quarantining  the  grain  airing  of  it  can  be  used  in  a  layer  of 
I  30-40  centimeters  with  mixing,  which  contributes  to  more  rapid  and 
ijuniform  heating  of  it.  The  solar  irradiation  for  24  hours  recommendjed 
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Table  42 


Time  of  Natural  Disinfection  of  Grain  and  Forage  Infected  by  the  Tular¬ 
emia  Pathogen  at  Different  Maintenance  Temperatures  and  the  Recom] 
mended  Quarantine  Periods  (after  L».  A,  Pomanskaya,  1957) 


Tevnr|-»Ty|ta 

Boaayx* 

CftfiK  COXpSHe- 
nun  ooafiyait- 

TCJIR,  H30J1M- 
AaBlIlHftCfl 
•  onuTaX 

<a«x) 

T  ^ 
TCMneparypa 

Boaayxa 

* 

~w 

PcfJoucnay- 
e«u&  cpoK 

KaP-lHTHIU 

.(*««•> 

8 — 12® 

58 

8—14° 

60 

15—25" 

35 

15.-20° 

40 

20 — 30* 

19 

21—25° 

35 

26—30° 

20 

1.  Air  temperature;  2.  Maximum  time  pathogen  can  be  preserved  in 
experiments  (days);  3.  Air  temperature;  4,  Recommended  quarantine 
period  (days). 


by  the  instructions  does  not  achieve  its  purpose  at  low  temperatures 
(L.  A.  Pomanskaya,  1957).  Food  and  fodder  grain  are  disinfected  by 
heating  at  a  temperature  of  70°  for  30  minutes  (L.  A.  Pomanskaya, 
1957).  Seed  grain  is  sprinkled  with  a  solution  of  formalin,  1:90  (for 
the  commercial  formalin)  with  an  expenditure  of  40-50  liters  of  the 
solution  per  ton  of  grain  and  it  is  kept  under  canvas  for  two  hours  but 
]  no  more,  with  subsequent  airing  of  the  grain,  spread  out  in  a  fine  lay* 

I  er  for  24  hours.  For  garden  seeds  a  lower  concentration  of  formalin 
!  solution  is  acceptable  --  1:150  (L.  A,  Pomanskaya,  1957).  On  the 
;  certificate  a  note  should  be  made  about  the  treatment  given.  After  re  ■ 
stacking  and  after  they  are  freed  of  the  bodies  of  rodents  the  straw  and 
J  hay  are  kept  for  the  same  periods  as  grain  before  consumption  (Fig 
i  82),  Carting  of  hay  and  straw  out  of  regions  which  are  unfavorable 
!  with  respect  to  tularemia  is  permitted  only  when  the  epizootic  stops, 

|  after  it  has  been  freed  of  the  bodies  of  rodents  and  after  it  has  been 
j  kept  for  the  periods  indicated  above  exclusively  in  the  pressed  form 
!  in  the  absence  of  injury  to  the  bales  by  rodents.  Permission  for  cartj- 
.  ing  is  given  by  the  veterinary  inspection  organs  with  the  consent  of  th<| 
local  sanitary-epidemiological  or  plague -control  stations. 

|  Measures  against  Infection  at  Home.  These  cases  occur 

i  from  the  mass  migration  of  small  mouse -like  rodents  (house  mice, 

'  common  voles  and  others)  into  inhabited  places  and dhe^im porta ti.Qn. of 
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Fig  82,  Time  of  Disinfection  of  Residues  of  Rye  Straw  Stacks  Under 
Natural  Conditions  (after  L.  A.  Pomanskaya).  1.  Air  temperature; 

2,  10-day  periods;  3.  January;  4.  February;  5.  March;  6,  April; 

7,  May;  8.  June;  9.  Tularemia  found;  10.  Tularemia  not  found;  11, 
I  Period  in  which  it  becomes  persistently  warm;  12.  Times  of  taking 
samples. 


the  epizootic  there.  In  the  South  they  are  noted  even  in  October-No- 
vember;  in  more  northern  oblasts,  in  December-February.  In  the 
northern  oblasts  a  new  wave  of  increased  morbidity  is  observed  dur¬ 
ing  the  period  of  the  spring  thaw  in  March-April.  In  connection  with 
the  possibility  of  extensive  spread  of  a  tularemia  epizootic  among 
small  mouse -like  rodents  over  the  territory  the  most  effective  prophy 
actic  measures  against  domestic  infections  are  complete  vaccination 
of  the  population  (beginning  with  the  age  of  two  in  cases  where  there 
is  a  special  danger)  and  complete,  repeated  deratization  in  the  inhabit 
ed  places.  The  latter  is  accomplished  by  the  disinfection  service  of 
the  public  health  organs  (chemical  and  particularly  bacteriological 
methods)  as  well  as  by  the  population  itself  (mechanical  traps  of  vari¬ 
ous  kinds).  In  the  case  of  a  danger  of  occurrence  of  domestic  out¬ 
breaks  more  extensive  use  should  be  made  of  cats,  which  successfull 
protect  Houses  against  rodent  penetration. 


In  the  prophylaxis  of  domestic  cases  of  tularemia  exception¬ 
ally  great  attention  should  be  given  to  cleaning  the  territory  of  the  in¬ 
habited  place,  chiefly  the  territory  directly  adjacent  to  houses  and  varj 
ious  buildings,  cleaning  up  heaps  of  rubbish,  straw,  weeds,  because 
these  places,  being  intermediate  habitat  areas  during  the  migration  of 
rodents  from  the  fields,  contribute  to  the  settlement  of  the  houses  and 
buildings  by  mice  and  voles.  For  prophylactic  purposes  when  new  con 
struction  is  erected  it  should  be  made  ratproof  and  in  houses  which  ars 
already  erected  all  rodent  holes  which  appear  should  be  filled  in  regu¬ 
larly.  An  appropriate  sanitary  status  of  the  houses  should  be  main¬ 
tained  also.  Of  particular  significance  is  careful  protection  of  food 
and  water  supplies  existing  in  the  house  against  rodents.  Hay  and 
straw  which  have  just  been  brought  in  from  stacks  in  the  field  should 
not  be  permitted  to  be  used.  L.  M.  Khatenever  and  I,  N.  Mayskiy 
(1946)  recommend  that  wet  disinfection  with  the  usual  disinfectants  be 
used  in  premises  dirtied  by  mouse  excretions  in  the  presence  of  epi¬ 
demic  indications.  In  any  case,  in  the  presence  of  mouse  droppings 
on  the  floor  wet  cleaning  /mopping7  should  be  carried  out  in  order  to 
j  avoid  raising  dust.  The  bodies  and  excretions  of  rodents  found  should 
|  be  burned  or  buried  in  the  ground  without  touching  them  with  the  bare 
hands.  On  finding  food  products  contaminated  by  rodents  in  the  house 
they  should  be  carefully  cooked  or  thoroughly  roasted  and  those  prod¬ 
ucts  with  which  this  cannot  be  done  should  be  destroyed. 

Because  domestic  cases  of  tularemia  can  appear  in  the 
form  of  sporadic  cases  of  the  disease  along  with  epidemic  outbreaks  ajs 
well  as  because  of  the  fact  that  in  this  type  of  infection  the  thoracic  an^i 
abdominal  forms  of  tularemia  occur  most  frequently  and  these  are  dif 
ficult  to  diagnose,  timely  detection  of  patients  assumes  importance. 

In  one  of  the  first  "mouse"  outbreaks  described  by  V.  A.  Bernikov 
j  (1934)  a  considerable  number  of  patients  with  tularemia  went  under  thi 
i  diagnosis  of  "epidemic  influenza",  andonly  40  patients  with  the  bubonj- 
!  ic  form  of  tularemia  were  detected.  Other  authors  also  note  that  in 
I  the  case  of  a  domestic  infection  of  a  considerable  number  of  patients 
J  a  diagnosis  of  influenza,  typhoid  fever,  or  other  diseases  is  made.  In 
;  connection  with  this  febrile  patients  should  be  detected  in  regular 
house -to -house  rounds  and  should  be  hospitalized  for  the  purpose  of 
clarifying  the  diagnosis.  For  the  purpose  of  prophylaxis  of  infection 
at  home  mass  sanitation-education  work  among  the  population  assumeji 
importance. 

Measures  against  Infection  from  Food  Products  Infected  in 
the  Storehouse  or  Public  Dining  Room.  In  this  case  all  cases  of  dis¬ 
ease  usually  have  a  single  common  transmission  factor  --  a  food  prod¬ 
uct  infected  at  the  storehouse,  which  is  readily  detected  on  questioning 
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the  patients;  therefore,  elimination  of  diseases  of  this  kind  offers  no 
great  difficulties.  Cases  stop  appearing  immediately  after  disinfectioji 
or  destruction  of  the  infected  food  product. 

For  the  prophylaxis  of  group  cases  coming  from  food  prod 
ucts  an  investigation  should  be  made  regularly  of  the  sanitary  status  o 
food  enterprises,  diningrooms,  restaurants,  bread  factories  and  bak¬ 
eries,  food  stores,  food  storehouses  and  markets.  Special  attention 
should  be  given  to  assuring  the  ratproofing  of  a  food  installation  and 
the  maintenance  of  food  products  under  conditions  in  which  they  cannot 
be  accessible  to  rodents.  All  rodent  holes  in  the  premises  should  be 
sealed  with  cement  or  clay  containing  scrap  glass  or  should  be  stopped 
up  with  iron.  Food  products  should  be  kept  in  a  tightly -sealed  contain* 
er  or  on  shelves  away  from  the  walls;  on  the  pedestals  of  these  shelves 
iron  deflectors  should  be  driven  in  which  are  expanded  below.  At  all 
food  installations  regular  deratization  is  accomplished.  Aside  from 
planned  rat  extermination  operations  conducted  according  to  agreements 
with  the  disinfection  service,  in  every  storehouse,  store,  dining  room 
rodents  should  be  exterminated  daily  through  the  forces  of  the  regular 
personnel  working  there,  using  traps.  The  traps  should  be  set  regular¬ 
ly,  and  the  rodents  caught  should  be  burned  or  buried  in  the  ground. 
Before  releasing  the  food  products  they  should  be  carefully  checked 
with  the  aim  of  detecting  spoilage  and  contamination  of  the  food  by  ro-j 
dents,  and  those  in  which  excretions,  bodies  or  the  gnawing  of  mice 
are  found  should  be  immediately  made  unavailable  for  consumption. 

The  portions  of  the  food  product  as  well  as  the  bodies,  ex¬ 
cretions  and  gnawings  should  be  sent  to  the  nearest  department  of  par 
|  ticularly  dangerous  infectious  diseases  for  bacteriological  examination. 

:  Food  products  which  have  been  gnawed  on  or  dirtied  by  rodents  should 
I  be  regarded  as  suspicious  of  tularemia  infection  regardless  of  the  re- 
j  suits  of  the  bacteriological  examination.  It  is  forbidden  to  use  them 
|  without  preliminary  processing.  First  of  all,  they  should  be  freed  of 
J  the  bodies  and  excretions  of  rodents.  Pieces  containing  gnawing  marls 
|  are  cut  around  or  removed,  after  which  the  food  product  is  carefully 
Lolled,  thoroughly  roasted  or  dried  in  a  drying  oven  at  a  temperature 
!  of  70°  for  no  less  than  an  hour.  Those  products  which  cannot  be  sub- 1 
jected  to  thermal  processing  should  be  destroyed.  j 

It  should  be  taken  into  consideration  that  mice  can  contamf 
inate  food  products  not  only  with  the  tularemia  pathogen  but  also  with  I 
the  pathogens  of  paratyphoid  fever,  liBterellosis  and  other  infectious  j 
diseases.  The  statement  that  food  which  has  been  on  ice  for  a  long  time 
is  free  of  tularemia  (Review  of  British  Military  Medicine,  Vol  I,  1942^ 
is  not  true.  Through  the  work  of  V.  M.  Tumanskiy  (1937)  and  other  i 
Soviet  authors  the  long  preservation  of  tho  pathogen  in  frozen  food  { 
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products  has  "been  proved, 

The  result  of  a  smooth* running  food  sanitation  inspection 
in  the  Soviet  Union  is  the  rare  occurrence  of  cases  of  tularemia  associj 
ated  with  group  consumption  of  infected  food  produces. 

Measures  against  Infection  in  Industries  which  Process  Ag 
ricultural  Products.  Such  cases  can  occur  unexpectedly  in  the  midst 
of  complete  epizootic  welfare  in  the  surrounding  territory  and  even  out 
side  of  the  limits  of  the  natural  foci  of  tularemia,  for  example,  in  largje 
cities.  This  is  associated  with  the  fact  that  the  raw  material  may 
sometimes  be  brought  in  for  production  from  far  away,  including  from 
|  localities  which  at  that  time  are  having  an  unrecognized  tularemia  epi 
I  zootic.  In  connection  with  this  it  is  essential  to  give  constant  attention; 
•to  the  prophylaxis  of  occupational  diseases  in  industry.  Tularemia  vac 
;cination  is  compulsory  for  all  persons  coming  to  work  at  sugar,  starcty 
syrup,  brewery,  vegetable  drying  enterprises,  creameries  and  dis-  { 
tilleries,  mills  and  elevators  (Yu.  A.  Myasnikov  and  O.  V.  Ravdoni- 
kas,  1954).  It  is  advisable  to  check  workers  in  the  departments  which 
are  responsible  for  the  initial  processing  of  raw  material  with  the  use 
I  of  the  tularin  test  for  the  presence  of  immunity  before  the  work  season 
begins.  Giving  inoculations  to  the  workers  only  in  the  presence  of  a  j 
large  number  of  rodents  in  the  fields,  which  has  been  recommended  by 
some  authors,  is  inacceptable  (A.  P.  Levchenko,  1955),  because  the  ' 
occurrence  of  cases  at  the  industry  may  not  be  connected  with  the  epi-j 
zootic  situation  in  the  region  in  which  the  enterprise  is  located,  which; 
has  been  mentioned  above,  i 

At  those  factories  in  which  the  raw  material  is  first  wetted 
chloride  of  lime  should  be  added  to  this  water  according  to  a  calcula-  • 
tion  such  that  in  the  waste  water  there  be  no  less  than  one  milligram  j 
[of  active  chlorine  per  liter.  At  the  majority  of  factories  the  raw  ma-  ' 
terial  is  subjected  to  thermal  processing  adequate  for  disinfection.  1 
j  Where  there  is  no  thermal  processing  in  the  industrial  process  the  in-J 
ifcctcd  raw  material,  for  example,  grain,  should  be  heated  specially  at 
I  70°  for  no  less  than  a  half-hour.  All  production  wastco  should  be  sub  j 
jected  to  the  same  processing  before  being  taken  out  of  the  territorial  | 
i  limits  of  the  plant.  After  the  work  as  well  as  before  eating  and  smokw 
t  ing  the  hands  should  bo  carefully  disinfected,  for  which  purpose  there  i 
should  be  barrels  containing  clarified  (0.  1  percent)  solution  of  chloride 
of  lime,  washstinds,  soap  and  towels,  * 

The  records  of  the  raw  material  coming  to  the  plant  should 
(have  a  note  on  them  by  the  sanitation  organs  with  reference  to  the 
well-being  or  lack  of  well-being  of  the  place  of  shipment  with  regard 
•to  tularemia.  In  the  presence  of  a  statement  to  the  effect  that  the  raw 
’  material  has  come  from  a  locality  in  which  there  is  an  epizootic  or  if 
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the  bodies  of  rodents  are  found  in  it*  it  should  be  freed  of  rodents  and 
their  bodies  and  loaded  into  a  ratproof  room  with  concrete  floors  in 
which  the  rodent  holes  have  been  sealed  up,  the  doors  lined  below  with 
iron,  with  windows  and  vents  covered  with  an  iron  screen.  In  the  ab- 
sence  of  such  rooms  it  is  permissible  to  unload  the  raw  material  on 
open  platforms  which  have  first  been  freed  of  rodents  and  are  surround¬ 
ed  by  gutter  traps.  The  gutters  are  kept  in  good  order,  and  the  rodents 
falling  into  them  are  destroyed.  For  the  purpose  of  carting  out  the  ray 
material  detachable  bridges  are  used,  taking  them  up  after  cart  or 
truck  passes.  Such  a  strict  isolation  of  the  unfavorable  raw  material 
is  necessary  to  avoid  the  spread  of  the  epizootic  among  local  rodents 
and  the  creation  of  a  new  tularemia  focus.  For  these  purposes  the  ra\f 
|  material  infected  with  tularemia  is  processed  first.  By  using  this  con)- 
;  bination  of  measures  we  completely  prevented  not  only  disease  in  pco- 
•  pie  but  also  the  occurrence  of  a  tularemia  outbreak  among  the  local  ro 
j  dents  at  one  brewery,  where  a  large  batch  of  infected  barley  had  been 
brought  in  which  the  tularemia  pathogen  was  shown  bacteriologically 


|  (Yu.  A.  Myasnikov,  1955). 

j  In  order  to  avoid  secondary  infection  of  the  finished  prod-  , 

jucts  the  latter  are  either  brought  outside  of  the  enterprise  immediately 
jor  are  placedin  ratproof  storehouses.  In  the  enterprise  itself  and  in  the 
(adjacent  structures  complete  repeated  deratization  is  carried  out,  par 
I  ticularly  carefully  before  the  beginning  of  the  season  in  which  the  raw 
•material  is  processed.  For  the  purpose  of  disinfecting  infected  seed 

•  grain  on  elevators  it  is  sufficient  to  keep  it  at  a  temperature  above  10^ 
jfor  two  months. 

•  Measures  against  Infection  at  Meat  Combines  and  Meat 
-Canning  Plants.  I.  F.  Berezin  (1931),  after  describing  outbreaks  as- 
!  sociated  with  the  processing  of  carcasses  of  hares  at  a  canning  plant 

!  for  the  first  time  in  the  Soviet  literature,  concluded  that  freezing  of 
'carcasses,  work  in  rubber  gloves,  etc.  are  unsuitable  for  preventing 
f  tularemia  among  workers  in  the  plants.  The  author  saw  a  solution  in 
|  the  extensive  incorporation  of  mechanization  into  production.  The  lat 
•ter,  although  it  does  reduce  the  direct  contact  with  infected  hare  car- 
i  casses,  does  not  exclude  infection  from  the  infected  machinos  or  fromj 
■the  sprinkling  of  water  in  which  the  frozen  carcasses  are  thawed  out.  < 
Recently,  cases  have  been  noted  associated  with  the  slaughter  of  ehee^ 
land  other  animals  at  meat  combines;  in  these  animals  pasture  ticks  ! 
Infected  with  the  tularemia  pathogen  were  found  in  largo  numbers  (R.  ; 

;  Ya,  Chernina,  1953;  M.  P.  Tereshchenko  and  coauthors,  1956;  S.M,' 

|  Smirnov,  1956).  j 

With  the  aim  of  prophylaxis  it  is  essential  to  vaccinate  all* 

'  persons  coming  to  work  ».t  the  meat  combines  and  meat  canning  plants; 
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against  tularemia.  A  batch  of  meat  in  which  the  existence  of  the  tular¬ 
emia  pathogen  has  been  established  bacteriologically  should  be  subject  • 
ed  to  thermal  processing.  Considering  the  fact  that  the  ixodial  ticks 
falling  off  the  cattle  can  create  new  foci  of  infection  a  timely  inspection 
should  be  made  of  animals  coming  into  the  meat  combines  ana  ticks 
found  on  them  should  be  destroyed,  observing  precautionary  measures 
indicated  for  arthropod-borne  infections  from  ticks.  Tick-infested  cat¬ 
tle  is  subjected  to  a  veterinary  check  for  the  purpose  of  establishing 
the  existence  of  cases  of  tularemia.  For  the  purpose  of  preventing 
the  spread  of  the  infection  beyond  the  limits  of  the  industrial  enterprise 
the  waste  water  of  the  factory  should  be  chlorinated  regularly,  deratiza¬ 
tion  should  be  accomplished  regularly,  and  ratproofing  of  the  premise? 

|  and  storehouses  of  the  factory  should  be  provided. 

Measures  against  Infection  in  Ditches  and  Trenches.  As 
was  pointed  out  in  Chapter  VI,  during  the  Second  World  War  cases  of 
tularemia  were  observed  in  people  in  trenches,  blindages  and  ditches,! 
which  required  the  development  and  realization  of  appropriate  prophyll 
I  actic  measures  (V.  S.  Grikurov,  1946;  A.  I.  Volkov,  1948,  and  othex^). 
j  During  this  period  there  was  no  tularemia  vaccine  as  yet;  therefore,  | 
i  measures  were  directed  at  the  elimination  of  sources  of  infection  and  , 

]  elimination  of  the  routes  of  its  transmission. 

G.  P.  Rudnev  (1942)  was  one  of  the  first  to  generalize  on 
the  measures  for  prophylaxis  of  trench  tularemia  outbreaks.  He  point- 
■  ed  to  the  need  for  regular  sanitary -epidemiological  reconnaissance  fol* 
j  timely  detection  of  the  epizootic  and  cases  of  tularemia  among  people, 

I  which  is  particularly  important  during  the  advance  of  troop  units.  Then? 
measures  provided  not  only  the  prophylaxis  of  the  trench  outbreaks  of  j 
tularemia  themselves  but  also  of  the  water-borne,  food  product  and 
other  types  of  infections  frequently  encountered  at  the  front.  Without 
going  into  details,  which  have  been  discussed  thoroughly  by  T.  Ye. 
Boldyrev  (1955),  G.  P.  Rudnev  (1955),  K.  F.  Akinfiycv  (1955),  N.  I. 
Kalabukhov  (1955)  and  others,  we  should  like  to  note  that  rodent  con¬ 
trol  was  practiced  extensively  among  the  troops,  dugouts  were  pro¬ 
tected  against  them,  supplies  of  food  products  and  sources  of  the 
drinking  water  were  protected,  water  was  chlorinated,  etc.  with  the 
aim  of  prophylaxis  of  tularemia.  The  use  of  straw  and  hay  from  stadai 
infested  with  rodents  was  not  permitted  as  litter;  for  this  purpose  it  1 
was  recommended  that  the  branches  of  trees,  chiefly  coniferous,  be 
used.  The  consumption  of  water  from  open  water  bodies  which  had  not 
been  disinfected  and  from  wells  which  had  not  been  inspected  as  well  i 
as  the  utilisation  of  prepared  food  given  by  the  population  was  prohibMj- 
ed.  I 

_ _ _ J 
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Measures  for  the  Sanitization  of  Natural  Foci  of  Tularemia 


(This  section  was  written  by  N.  G.  Olsuf’yev) 

At  the  beginning  of  the  study  of  tularemia  all  animals  whic  i 
were  found  naturally  infected  with  the  tularemia  pathogen  were  categor¬ 
ized  as  "sources"  and  "vectors"  of  the  infectious  disease  without  a 
proper  experimental  check  (B.  V.  Voskresenskiy,  1943).  Because  the 
number  of  species  of  such  animals  was  very  great  and  with  further 
study  tularemia  rapidly  increased,  the  impression  of  the  impossibility! 
of  sanitization  of  natural  foci  was  created.  However,  subsequent  in¬ 
vestigations  made  it  clear  that  the  maintenance  of  these  foci  is,  by  am. 
large,  assured  by  only  a  few  species  of  rodents  which  are  highly  sensi¬ 
tive  to  this  infectious  disease  (group  I),  and  of  the  vectors,  chiefly  the 
ixodial  ticks  (see  Chapter  V).  Because  of  this,  sanitization  of  natural 
foci  showed  promise. 

Of  the  six  types  of  natural  tulermia  foci  which  have  been 
described  at  the  present  time  the  most  active  (with  respect  to  possible 
epidemiological  manifestations)  are  the  following:  soddy -alluvial-boggy, 
meadow-field,  steppe,  and  foothill-brook.  Specifically  in  the  foci  of 
these  types  the  greatest  number  of  cases  have  been  observed  among  i 
people,  and  here  the  combination  of  prophylactic  measures,  chiefly  ! 
vaccination  is  accomplished  most  methodically.  j 

Breaking  the  interrelationships  between  members  of  the 
biocoenosis  in  which  the  disease  pathogen  is  included,  a  break  in  whic)i 
the  epizootic  chain  is  cut,  should  be  made  the  basis  of  sanitization  of 
the  natural  foci  of  the  infectioua  disease.  Naturally,  the  destruction 
of  the  continuity  in  contact  betwoen  pathogen,  vector  and  warm-bloode,d 
reservoir  should  lead  to  a  subsidence  of  the  focus  and  sterilization  of 
the  locality  (Ye.  N.  Pavlovskiy). 

Study  of  the  characteristics  of  tularemia  epizootology  shows 
that  for  the  purpose  of  providing  for  the  existence  of  the  tularemia 
microbe  in  a  natural  focus  a  tremendous  part  is  played  by  masses  of 
rodents  which  appear  periodically  --  the  main  sources  of  the  infectious 
disease  ••  and  ixodial  ticks,  its  vectors.  There  is  every  reason  to  b^* 
lieve  that  there  is  no  need  to  exterminate  wholly  (that  is,  as  a  zoolog¬ 
ical  species)  the  main  sources  of  the  infectious  disease  and  its  vec¬ 
tors  in  order  to  break  the  epizootic  chain  and  sanitize  the  focus.  The' 
problem  should  be  reduced  to  bringing  their  censuses  to  a  level  which' 
excludes  the  possibility  of  their  appearance  here  en  masse.  For  thisj 
purpose  the  entire  combination  of  measures  presented  above  should  be 
used.  _  | 
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In  foci  of  the  soddy-alluvial-boggy  and  foothill-brook  types 
the  main  attention  should  be  given  to  a  considerable  and  persistent  re¬ 
duction  in  the  water  rat  census.  According  to  existing  data  the  active 
yearly  occupation  centered  around  this  animal  can.  to  some  degree, 
localize  these  foci  (N.  G.  Olsuf'yev  and  coauthors,  1958,  1959).  Im¬ 
provement  operations  in  river  valleys,  boggy  localities,  etc.,  which 
destroy  the  habitats  of  the  water  rat  as  well  as  of  mosquitoes,  horse¬ 
flies  and  other  vectors  may  also  be  of  great  importance.  In  foci  of  th$ 
j  meadow-field  and  steppe  types  measures  should  be  directed  at  the  pre 
vention  of  mass  multiplication  of  the  common  vole  and  house  mouse. 
This  can  be  achieved  by  an  active  development  of  agrotechnics,  throudh 
cultivation  of  fields  and  further  mechanization  of  harvesting  operation^, 
i  with  constant  regular  extermination  of  rodents  in  the  survival  areas. 

In  all  the  foci  listed  the  control  of  ticks  --  vectors  and  reservoirs  of 


the  tularemia  microbe  --  should  be  conducted  as  an  obligatory  matter 
Thereby,  it  is  important  to  bring  about  a  marked  reduction  in  the  cen¬ 
sus  of  ticks  In  the  microfoci  of  the  infectious  disease. 

In  a  number  of  oblasts  of  the  temperate  belt  of  the  European 


! 

1 

i 

i 
i 

•  portion  of  the  USSR  as  well  as  in  places  in  the  south  a  reduction  of  the! 

J  activity  of  foci  of  the  meadow -field  and  steppe  types  has  been  noted  in  j 

recent  years,  and  in  particular  there  has  been  an  absence  of  any  par-j 
ticularly  large  increases  in  the  censuses  of  small  mouse -like  rodents* 

!  (of  the  "mouse  invasion"  type)  and  of  diffuse  tularemia  epizootics  as-  j 
'  sociated  with  these  rises.  This  undoubtedly  should  be  related  to  the  i 
considerable  reinforcement  of  agriculture  as  a  whole,  the  intcnsifica-: 
tion  of  agrotechnical  measures,  the  increase  in  the  plowing  of  virgin  1 
!  and  wastelands,  etc. ,  which  have  caused  a  deterioration  in  the  exlsteij- 
|  tial  conditions  of  small  rodents.  In  places,  for  example,  in  Stavro-  j 
{  pol'skiy  Kray,  where  the  mass  destruction  of  ixodial  ticks  on  cattle,  , 

:  being  conducted  by  veterinary  workers  with  the  aim  of  controlling  « 

*  homosporidiosis  has  also  exerted  a  suppressive  effect  on  the  natural  ; 

tularemia  foci  (A.  A.  Zaytsev).  j 

I  The  examples  described  indicate  the  real  possibility  of  i 

'  sanitization  of  natural  foci  of  tularemia.  However,  this  matter  needs; 
further  study.  The  resolution  of  the  problem  of  sanitising  natural  foc^ 

;  of  tularemia  depends  on  the  degree  of  utilisation  of  the  methods  pro-  ) 
l  posed  by  kolkhozes,  sovkhozes  and  other  organisations  and  enterprises* 


and  is  a  problem  of  the  immediate  future. 


I 


*  Departments  of  Particularly  n*ngeroun  Infections  Diseases  of  Oblast  j 
(  (Kray  or  Republic)  Sanitary-Epidemiological  Stations  and  Their  Part  j 


in  the  Organisation  and  Control  of  Measures  against 


Tularemia  i 
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The  characteristics  of  tularemia,  which  have  been  men¬ 
tioned  at  the  beginning  of  the  Chapter,  which  make  difficult  its  control} 
and  prophylaxis,  the  newness  and  the  fact  that  the  infectious  disease 
I  has  been  little  studied  have  led  to  the  fact  that  during  the  first  few  yeajs 
after  tularemia  was  found  in  the  Soviet  Union  public  health  organs  in  a 
number  of  cases  appeared  in  the  role  of  "recorders"  of  the  facts,  and 
the  epidemic  outbreaks  which  occurred  concluded  naturally  at  the  end 
of  the  epizootic.  The  high  degree  of  contagiousness  of  the  pathogen, 
the  massiveness  of  the  lesions,  and  the  duration  of  the  cases  required} 
including  tularemia  in  the  group  of  particularly  dangerous  infectious 
diseases.  Some  medical  men  erroneously  believed  the  cause  of  this 
was  the  fact  that  "tularemia  has  in  the  past  been  confused  with  plague d 
(I.  Ya.  Screbriyskiy,  1948).  The  high  degree  of  contagiousness  of  thej 
|  pathogen  required  creating  special  laboratories  with  a  strict  routine  j 
and  with  well-trained  personnel.  For  the  purpose  of  demonstrating  | 
the  dynamics  of  the  rodent  census  --  the  sources  of  the  infectious  dis¬ 
ease  --  the  organization  of  a  zoological  service  was  required  which 
previously  had  been  almost  unknown  by  sanitation  organs  in  the  center 
of  the  European  portion  of  the  USSR  and  West  Siberia.  After  a  large  j 
epizootic  in  a  number  of  oblasts  in  1938,  accompanied  by  considerable 
morbidity  among  poople,  the  need  for  creating  such  a  new  antiepidemije 
institution  —  tin  tularemia  (tularemia-control)  station  --  was  demon*  j 
strated  in  a  particularly  striking  manner.  In  1938,  in  the  moat  unfav-t 
orable  regions  the  first  tularemia  stations  were  created  (Zaraysk  and 
Podol'sk,  later  in  the  village  of  Semcnovskoye  in  Mikhnevskiy  Rayon  j 
of  Moskovskaya  Oblast;  Plavsk  in  Tul'skaya  Oblast;  Borisoglebsk  of  j 
Yoronezhskaya  Oblast;  Mikhaylof  of  Ryazanskaya  Oblast).  j 

The  tularemia  stations  first  did  their  work  like  plaguo -con¬ 
trol  institutions  but  soon  the  unsuitability  of  such  copying  became  j 
clear.  The  differences  in  the  biology  of  the  rodents  --  the  main  sourc- 
os  of  plague  and  tularemia  --  required  different  methods  of  recording! 
and  extermination  and  also  were  responsible  for  differences  in  other 
antiepidemic  measures. 

During  the  years  of  the  Second  World  War  tularemia  was  ; 
found  in  many  new  oblasts  which  for  the  most  part  had  been  under  teiq- 
'  porary  occupation.  While  in  1941  it  was  recorded  in  16  oblasts,  in  \ 

I  1943  it  was  found  in  25;  in  1945,  in  31  oblasts.  Numerically  cases  • 

;  increased  by  18.3  times  in  1945  by  comparison  with  1941  (I.  C.  Akim¬ 
ov,  1946).  In  connection  with  this,  in  the  oblasts  unfavorable  with  re¬ 
spect  to  tularemia  oblast  tularemia  stations  were  opened  in  1943  which 
!  were  to  be  in  charge  of  the  entire  tularemia -control  work  In  the  oblasjt. 
j  In  the  post-War  years.  In  addition  to  the  RSFSR,  tularem^- 
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control  stations  were  opened  in  a  number  of  union  republics,  where 
there  were  enzootic  tularemia  foci.  The  introduction  of  vaccination 
into  antiepidemic  practice,  the  expansion  of  parasitological  work  and 
other  changes  which  took  place  during  these  years  made  it  necessary 
to  take  a  new  approach  to  tularemia-control  institutions.  In  1948  the 
Ministry  of  Health  USSR  approved  a  new  "Statute  on  the  Tularemia- 
Control  Station",  which  defined  the  stations  as  special  practical  scieni 
tific  institutions  designed  for  work  in  regions  unfavorable  with  respecj 
to  tularemia.  During  the  work  of  the  stations  considerable  material 
was  accumulated  requiring  analysis  and  generalization,  because  the 
manifestations  of  the  infectious  disease  on  the  territory  of  each  oblaslj 
showed  differences,  and  elucidation  of  them  by  the  personnel  of  the 
scientific  institutions  only  would  hold  back  the  detection  of  the  charac4 
teristics  of  this  infectious  disease  for  a  long  time.  In  addition,  new  i 
effective  approved  prophylactic  agents  were  necessary,  and  first  of 
all  it  was  essential  to  establish  the  degree  of  effectiveness  of  tularem  a 
vaccination.  All  this  made  it  necessary  to  impute  a  practical  scicntifr 
ic  character  to  the  tularemia -control  stations.  Of  great  impoztance  i 
in  standardizing  the  method  of  operation  of  the  tularemia-control  sta-j 
tions  were  the  "instructions  on  methods  of  epidemiological,  zoological, 
parasitological  and  bacteriological  work  of  the  tularemia -control  eta-( 
tion",  made  out  by  N.  G.  ^suf'yev  and  V.  V.  Kucheruk,  approved  in! 
1952  by  the  Ministry  of  Healtn  USSR.  (Tularemia.  Organizational- 
j  Methodological  Materials,  pages  23- 113).  These  instructions  succes$- 
;  fully  combined  the  achievements  of  3cie:.ce  in  the  study  of  tularemia 
j  with  the  experience  of  practical  medical  institutions  and  assisted  in 
I  enhancing  their  work.  j 

In  the  post* War  years  the  tularemia -control  stations  were 
'  strengthened  organizationally  and  materially  aud  carried  out  the  con-* 

’  trol  of  tularemia  and  its  natural  foci  successfully.  In  three  years  onlv 
!  (from  1949  through  1951)  the  morbidity  rate  from  tularemia  had  been  | 

‘  reduced  by  eight  times  in  the  RSFSR  (V.  I.  Vashkov  and  Ye.  A.  Proni 
;  ini,  1955),  and  in  various  oblasts,  during  years  which  were  equally 
;  with  respect  to  the  epizootic  status,  the  morbidity  rate  was  reduced 
•  by  10  times  (V*  S.  Sil'chenko,  1953;  Yu.  A.  Myasnikov,  1953),  The' 

:  tularemia-control  conference  In  1953  noted  in  its  resolution  that  "in  J 
those  oblasts  where  there  are  no  tularemia -control  stations,  tularem* 
ia-control  measures  are  being  organized  and  realized  much  loss  ef¬ 
fectively,  while  there  is  no  observation  of  the  rodent  census  dynamics 
at  all".  | 

The  work  experience  of  tularemia-control  stations  ahowedj 
that  these  institutions,  in  their  majority,  successfully  combined  sci-  ; 
ontlfic  with  practical  work,  directing  their  efforts  toward  a  reduction! 
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in  the  incidence  of  tularemia.  A  particularly  great  contribution  to  sci  ■ 
ence  was  made  by  tularemia -control  stations  in  matters  of  studying 
regional  epidemiology,  natural  tularemia  foci,  immunological  and  epi- 
j  demiological  effectiveness  of  tularemia  vaccination,  further  develop- 
!  ment  of  methods  of  laboratory  diagnosis  of  tularemia,  clarification  of 
the  species  composition  of  rodents,  ticks  and  other  vectors  in  various 
regions,  etc. 

In  1955  by  order  of  the  Ministry  of  Health  USSR  the  tular- 
i  emia-control  stations  were  combined  with  brucellosis  stations  and  re¬ 
organized  into  departments  of  particularly  dangerous  infectious  dis¬ 
eases  of  the  oblast,  kray  and  republic  sanitary -epidemiological  sta¬ 
tions.  These  departments  operate  under  a  common  methodological  su¬ 
pervision  from  the  plague -control  institutions.  The  scientific  center  j 
i  for  tularemia  is  the  laboratory  of  tularemia  of  the  department  of  infect 
|tious  diseases  with  natural  foci  of  the  IEM  imeni  Gamaleya  of  the  Aca<i- 
]  emy  of  Medical  Sciences  USSR. 

j  At  the  present  time,  departments  of  particularly  dangerous 

'  infectious  diseases  are  doing  their  work  in  tularemia  in  four  main  div¬ 
isions:  epidemiological,  zoological,  parasitological  and  bacteriologic  • 
jal.  The  content  of  work  in  each  division  has  been  presented  in  detail 
•  in  the  "Instructions  on  Methods"  mentioned  above.  We  should  like  to 
l  note  only  that  the  building  in  which  the  department  may  be  located  j 
|  should  be  appropriate  to  a  routine  of  work  with  microbes  of  group  I.  j 
1  Particularly  great  tention  should  be  given  to  preventing  the  spread  ok 
j  infectious  disease  beyond  the  laboratory  confines.  Because  the  depar¬ 
tments  of  particularly  dangerous  infectious  diseases  are  the  only  prac- 
!  tical  public  health  institutions  which  have  mastered  the  method  of  in¬ 
vestigating  zoonotic  infectious  diseases,  in  recent  years,  aside  from 
investigations  of  tularemia,  brucellosis  and  anthrax,  they  have  had  to 
( occupy  themselves  with  progressively  greater  frequency  in  studying 
l  other  diseases  with  natural  focalizations :  listerellosis,  leptospirosis  J 
'etc.  Departments  of  particularly  dangerous  infectious  diseases  should 
jhold  consultations  with  the  local  veterinary  laboratory,  bacteriological 
'and  parasitological  departments  of  the  oblast  sanitary -epidemiological 
1  station,  the  Institute  of  Epidemiology  and  Microbiology,  the  national  I 
j  forest  committee,  the  local  society  for  regional  study,  the  society  of  I 
■  hunters,  and  other  institutions  and  organization.  In  the  rayons  it  is  ! 
{essential  to  create  a  system  of  correspondence  made  up  of  a  group  of  1 
teachers,  agronomists,  hunters,  medical  workers,  who  should  inform 
{the  department  of  any  increase  in  the  rodent  census  within  their  villaga 
•  councils  and  the  finding  of  deaths  among  them. 

J  On  the  basis  of  the  comprehensive  plan  of  tularemia  con¬ 

trol  measures  the  department  develops  in  detail  the  yearly  and  jiurterly 
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plans  of  operation.  For  certain  seasons  the  calendar  plans  of  opera¬ 
tion  of  visiting  work  can  be  made  up  (for  example,  for  the  tick  season, 
seasons  of  spring  and  autumn  rodent  census  records,  the  hunting  seas¬ 
on,  season  of  arthropod -borne  outbreaks,  etc.). 

At  the  present  time,  the  departments  of  particularly  dan- 
•gerous  infectious  diseases  of  oblast,  kray  and  republic  sanitary-epi- 
j  demiological  stations  are  confronted  with  important  and  significant 
! problems  with  respect  to  tularemia:  1)  the  planning  and  regular  control 
of  the  course  of  vaccination  and  revaccinaticn  of  the  population  against 
tularemia  in  enzootic  regions;  2)  selective  checking  of  the  immune  seg¬ 
ment  among  the  population  with  the  aim  of  maintaining  it  on  a  high  level, 
assuring  the  elimination  of  cases  of  tularemia;  3}  timely  formulation 
of  prognoses  and  detection  of  epizootics  among  rodents;  4)  observation 
jof  the  accomplishment  of  other  measures  providing  for  the  prophylaxis! 
i  of  tularemia;  5)  detection  of  latent  foci  of  tularemia  by  the  method  of  i 
S bacteriological  examination  of  pasture  ticks  and  other  methods;  6)  furj- 
Jtlier  development  and  testing  of  methods  of  eliminating  natural  foci  of  I 
-tularemia;  7)  the  application  of  experience  in  tularemia-control  work  ! 
!to  the  study  and  elimination  of  other  diseases  with  natural  localization j 
*8)  scientific  research  work  on  problems  stemming  from  the  practical  1 
1  problems  of  the  department.  j 


Conclusion 


|  On  the  basis  of  a  complete  study  of  tularemia  Soviet  inves  j 

jtigators  have  worked  out  highly  effective  methods  for  the  prophylaxis  | 
of  tularemia, which  are  now  being  applied  extensively  in  foci  of  this  in-j 
fectious  disease  in  the  form  of  a  definite  system  of  measures.  i 

As  an  important  achievement  it  may  be  pointed  out  that  in 
I  the  USSR,  as  the  result  of  mass  vaccination  conducted  in  combination  j 
iwith  other  measures,  the  yearly  incidence  of  tularemia  in  the  past  nine 
years  (1951-1959)  ha3  been  reduced  by  an  average  of  21  times  com-  i 
i  pared  with  the  figures  for  the  previous  six  years  (1945-1950).  The  ! 
main  part  in  carrying  out  successful  prophylaxis  of  tularemia  has  been 
|  played  by  specialized  institutions  (tularemia-control  stations,  which  I 
jhave  now  been  reorganized  into  departments  of  particularly  uangcrousj 
-  infectious  diseases  of  the  oblast,  kray  and  republic  sanitary-epidemi- 
jological  stations),  which  from  now  on  are  to  be  in  charge  of  this  work, 
A  pxob’em  for  the  future  is  the  complete  elimination  of  tularemia  in  j 
!  people  in  the  Soviet  Union.  This  problem  can  be  solved  successfully  ! 

;  by  means  of  the  extensive  application  of  approved  methods  of  tularemj- 
I  ia  prophylaxis,  including  methods  of  sanitization  of  the  natural  foci  of; 
this  infectious  disease. _ _ _ _ _ J 
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